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THE  COVER:  is  the  artist’s  concept  of  being  outside  looking  in,  symbolically  depicting  a foreigner's  view 
of  Japan  and  the  Far  East.  It  was  done  in  kirie  (a  Japanese  "cut  and  paste”  form  of  collage)  by  Eunice 
Mohri,  a member  of  the  staff  of  ONR  Tokyo. 


AN  ()>  KK\  IF\^  OK  MAI  KKIAI  SSC  IKM  K ^\l>  KNt.INKK KINO  IN .1 AP AN 

INIKOOl'i  MON 


Hk’  mmIn  Ji'Miihcil  here  \mmc  iiitoiulal  u>  pimulc  .111  ovih.niKc  i>l  iiiKmiu.iiioii  in  ilic  inaicinils 

aiul  MiiK'liiiCN  .110.1  iH'tvxoon  ONK  .iiul  iiulii'.iii.il.  iiisimiiii'ii.il.  .(..uU'iiik  .iikI  10  .111  cxicni,  goNCiniiu'iiial 
oi^.ini/.iiion^  III  J.ipan.  I ho  loui  ho^an  on  lanii.ii)  12,  I'J”  aiul  loinimaioki  on  Apnl  Ml,  IM"*?  Ximiswoio 
ninnoioiiN  aiul  sMilospio.iil.  tnil  onl\  maioi  viiiO'  on  iho  islaiuls  ol  ll><nxhii  aiul  KminIiii  voulil  ho  ooxoioil  in 
iho  nine  .iv.nlahlo,  1 ho  J.ipanoNO  ooniaoi''  »oio  in.uto  ihioii^h  \oai.  i>l  ilio  hioiaiuio,  uvoininoiKlaiionv 
Ill'll!  Ihiiloil  SiaiON  looliinoal  oi'llo.ijino'  anil  ihiiiii(:li  ivim'ii.iI  a ..  nni.iiuo'  wiihin  lapan  ilo'olopoil 
ihioii^h  voai-.  ol  iIimusmoiin  aiul  001  ioni'i'iuIoiko  in  lonnoiiion  1*1  .\oaiih  piouviN.  piihlishoil  papors 
aiul  looliinoal  piosoni.iiioiis  Iho  DNR  lokvo  Olluo.  «»SK  Moailipiaiioiv  Dlluo.  Naial  Ro'oaioh 
1 al’oiaioix  aiul  iiiaiiN  ONK  ooniiaoiois  aKi'  pioxuloil  miiijiomioiin  Ioi  ii\ii\ 

I ho  niihiNiiiON  ooniaoii'il  uoio  in  iho  inoiah  piiHliioiioii  .iiul  lahi uaiioii  .noa  I'lool.  oasi  non.  aliniiniiini. 
iiianiiini,  ooppor)  iho  liaiiNpoiiaiioii  aioa  (aiiioniohilo'.  lail.  .nuiali.  '.hipsi  iho  onoi|!\  .110.1  (iiiiolo.n. 
IonmI  liiol,  )!00ihoinial.  olooirio  iilililiosl  aiul  iho  oon'tiiiiiion  nuhiviiv  (oil  ihoio  I’lailoimv.  oil  aiul  gas 
pipohnos.  I'lnlilnigs.  niaohinoiv).  Iho  unisoisiiios  aiul  niMiinios  »oio  insolvoil  in  alino'i  all  aioas  of 
ni.iiOM.ils  losoaioh  I'roni  hasio  plissioal  nioialhngx  ami  inoi.il  I’hisios  10  iho  ilo»olo|inioni  ol  «olil  I'uvoilnios 
.Iiul  iho  piooossing  ol  ooiaiiiios  I ho  s|X‘oilio  otgani/.nions  ' imioiI  aio  lisioil  in  iho  I ahlo  ol  i onionis 

In  alniosi  all  oasos  iho  mmIs  moio  uolooinoil  onihiisiasiualls  hs  iho  .lai'.niO'O  oig.ini/aiions  I hoio  «oio 
no  awKvs.iiil  inoiilonis  aiul  appaioniK  no  piohlonis  ilo'oloi'oil  lioni  iho  I'losonoo  ol  a N.iw  lopiosoniaiivo. 
ovon  aniong  ilio  siiulonis.  Mils  was  'oiv  loassining  hoo.niso  in  ilio  niiiial  ooni.iois  a low  ol  ilio  .laj'aiii’so 
woio  appiohoiisiso  al'oiil  iho  \ isiis.  Ono  iniivoisiu  piolossoi  was  so  oonooi noil  ahoiii  possihio  nuiilonis,  I'oi 
ov.iniplo.  lhai  a pioi'osoil  msh  10  his  inii\oisii\  was  iio\oi  oonsnniniaioil  1 Ins  I'lol'ossoi  was  nioulonially  a 
poison.il  .u'i)iiaini.inoo  who  was  \oi\  anxious  10  anango  a piivaio  iiiooiing.  Anoihoi  sohoiliiloil  \isii  10  iho 
l.il'.inoso  IVIoiiso  Agoiios  was  oanoolloil  I'olli'wnig  a siiipiiso  Iasi  niiniito  u'Minionioiii  iliai  all  i)iiosiions  ho 
siihniiiioil  III  .Ills. iiioo  aiul  in  wining. 

■\s  Msiis  woio  aiiaiigoil  ilioio  was  usually  a loipiosi  I'oi  piosoniaiioiis  on  ONK  NRl  aoiiviiios.  Vhoso 
piosoniaiioiis  WOIO  lailoroil  wiili  lospooi  10  loohnioal  inioiosis  aiul  si/o  of  iho  aiulioiioo  (iho  aiulionoos  xaiiosi 
Itoni  a iiioio  haiiiiriil  10  111010  ilian  a luiiulroi.1  ai  iiisiiiiiiional  aiul  loohnioal  sooioiy  gathorings:  niajoi  ail 
liiossos  WOIO  goon  ai  Nagoya  liiiisorsiiy.  Osaka  Hiiivoisiiy  aiul  l olioku  I'nixoisiiy),  Mosi  of  iho  lalks  woio 
oigani/oil  wiihin  ihogonoial  fiaiiiowork  givoii  in  iho  .Api'oiulix. 

I ho  ooin  iosy  aiul  hospiialiiy  of  iho  lapanoso  havo  boon  wiiloly  aoolainioil.  bin  0110  oannoi  holp  boing  siir 
ptisoil  anil  iloligliioil  on  a firsi  visii.  itoyoiul  Iho  fabulous  iioaiiuoiil  aiul  goiuiiiio  fiioiullinoss  fioni  iho  poo 
plo  iiiM'boil  in  iho  formal  \isiis.  ihoro  woro  nuniorous  onoouniors  wiih  loial  siiangors  who  wero  jiisi 
niagnifiooni  in  ihoir  kiiulnoss  aiul  holpfiilnoss. 

\ Hip  10  I unikawa  .Miiniinuni  I iil,  in  Nikko.  for  oxaiiiplo.  nniiiroil  ihe  firsi  long  Iraiii  riilo.  Aboui  a 
hall  hour  oiii  of  l okyo  xoiulors  bogan  lo  pass  ihrougli  (ho  aislos  lo  ilisiribiito  a iiiiinbor  of  ilolioious  snaoks 
aiul  bovoiagos.  As  ihoy  arrivoil  at  iho  wriior's  soai  a noarby  man  began  10  ilisiribiiio  many  of  ihi'so  oiliblcs. 
Sinoo  no  moiioy  oxohangoil  haiuls,  ii  was  assumoil  10  bo  pan  of  iho  soixioe  which  oomos  with  iho  liokoi. 
Having  onioyoil  ihis  oxoolloni  "foaiiiro"  of  .lapanoso  iraiii  sorvioc.  il  was  a shook  10  loam  laior  ihai  in  faoi 
Iho  writer  hail  aihoniilioiisly  joinoil  a parly  of  .lapanoso  on  an  oxoursion.  aiul  ihai  his  gooil  neighbor  hail 
paiil  for  all  iho  rofroshmonis!  Of  oourso.  out  of  iho  writer’s  thoughilossnoss  ami  naiviiy,  iho  gonoioiis 
lapanoso  oompanion  reoeixoil  not  oven  a "lhank  you.”  Perhaps  ho  will  rcail  this  ami  oonio  10  know  iho 
warm  graiiliulo  which  lingers. 

I his  oiuirU’xy  ami  oonoern  slu'wn  lo  iho  foreign  iraxollor  is  perhaps  horn  of  ooniiirics  of  rolaiivo  isolation 
aiul  iho  naiiiral  ouriosiiy  about  sirangors  which  this  croaios,  plus  a long  trailiiion  of  gracious  cusioms  aiul 
gooil  mannors  among  iho  lapanoso  people  ihonisobos.  Wherever  iho  hospiialiiy  oiiginaics.  ono  noios  sailly 
ihai  (ho  progress  of  W osiorni/aiion  seems  lo  pnvcoil  rclonilessly,  ami  ihai  Ihis.  couploil  with  a buigooning 
numbor  of  xisiiors,  appears  10  bo  slowly  01  oiling  those  chaiming  .lapanoso  cusioms.  Ono  iloiocis  foi  exam 
plo.  a slight  ilifforonco  bolwoon  the  young  ami  Iho  olilor  ciii/ons. 


Aiioilicr  reason  lor  the  civil  behavior,  good  tnaiiiters  and  cheerlnl  lolerance  among  the  Japanese  people 
is  perhaps  that  Japan  enjoys  a unity  in  race  and  cultural  background.  Moreover,  the  \ery  crowded  condi- 
tioi'.s  in  Japan  may  have  nurtured  out  ol  sheet  necessity  a systent  ol  relationships  which  preserve  peace  of 
mind,  i l.ts  is  highly  visible  in  the  respect  lor  privacy.  In  several  insiaitces,  lor  example,  lunches  were  served 
by  Japanese  girls  oti  company  premises  (wometi’s  liberation  is  barely  launched  in  Japan).  I he  serving  pro- 
cess required  numerous  eittrances  into  attd  out  ol'  the  dining  area,  usually  a conlerence  room.  The  point  is 
that  every  entrance  and  exit  involved  the  opening  or  closing  of  the  doors  to  the  room,  and  every  entrance 
produced  a prior  knock  on  the  door.  This  was  quite  atitusing  and  touching  in  cases  where  numerous  dishes 
were  served. 

I he  unity  of  the  Japanese  people  generated  from  isolation,  racial  and  cultural  similarities  and  ancient 
traditions  may  in  part  also  relate  to  the  disaster  of  World  War  II— the  fight  and  the  defeat.  In  several  cases 
spectacular  industrial  successes  seem  to  derive  from  meeting  the  challenges  which  the  early  post-war  ex- 
perietices  intposed  as  an  absolute  condition  for  survival.*  One  example  was  seen  at  Hitachi  Metals  l.td.  in 
Kitakyushu.  Immediately  after  the  war  with  all  its  damage  this  malleable  iron  manufacturer  was  unable  to 
obtain  the  customary  raw  materials.  I he  iron,  fuel,  slags,  ferroalloys,  etc.  were  hopelessly  erratic  in  com- 
position and  iti  ntetallurgical  characteristics.  This  is  a disastrous  situation  in  malleable  iron  manufacture 
because  only  small  variations  in  composition  or  the  unsuspected  presence  of  trace  elements  can  wholly  alter 
the  annealing  and  casting  characteristics  which  must  be  controlled  for  a satisfactory  product.  The  Japanese 
answer?  Ciet  to  work.  Hitachi  Metals  began  technical  investigations  and  research  studies  to  learn  how  to 
deal  with  the  new  problems.  They  also  devoured  all  the  information  they  could  gel  Irom  the  technical 
literature,  particularly  Huropean  and  American.  They  attended  numerous  technical  conferences  and 
meetings  overseas.  Gradually  a series  of  company  reports  were  generated  which  pointed  to  the  solution  of 
specific  problems.  The  .JO  year  technical  output  of  this  one  small  company,  w hich  was  reviewed  on  site,  is 
most  impressive.  Today,  Hitachi  Metals  boasts  new  and  modern  facilities,  advanced  techniques  and  a 
know  ledgeable  staff.  The  company  can  compete  with  any  company  in  the  world. 

This  is  one  example  of  how  the  Japanese  compete  so  well  economically  and  industrially.  One  aspect  of 
this  success  has  been  stated — a willingness  to  work  hard.  This  willingne.ss  is  partly  a response  to  Ihe 
challenges  of  defeat  in  war  as  has  also  been  stated,  but  there  are  deeper  ancient  motivations.  Japan  is  an 
island  without  resources,  without  Ihe  capacity  to  feed  itself,  teeming  with  people.  These  very  conditions 
were  doubtless  an  influence  in  the  expansionist  policies  which  culminated  in  Pearl  Harbor.  With  Ihe 
economic  and  other  burdens  of  defeat,  and  having  been  frustrated  in  the  attempt  to  expand,  Japan  was 
forced  to  look  to  its  own  wits  and  the  largess  of  the  United  States  for  its  survival. 

The  willingness  to  work  is  evidenced  everywhere  in  Japan,  but  especially  in  the  educational  system.  It  is 
heartbreaking  to  see  how  young  children  are  forced  to  compete  in  examinations  which,  if  passed,  lead 
eventually  to  admission  to  the  most  prestigious  preparatory  schools  and  universities.  Admission  to  the 
right  university  almost  assures  success;  failure  precludes  that  a chosen  career  can  be  followed  in  most  cases. 
Parents  make  great  sacrifices  to  provide  special  tutoring  and  instruction  for  their  children  to  enhance  the 
chances  for  passing  the  examinations.  Failure  is  taken  hard.  It  has  been  reported  that  800  Japanese 
children  age  5 to  19  killed  themselves  this  year  because  of  the  heavy  homework  or  failure  in  examinations. 

Within  the  universities  there  is  also  strong  competition,  and  what  appears  to  be  unquestioned  subordina- 
tion to  the  leadership.  Students  study  hard.  Associate  professors  work  hard.  This  is  traditional,  and 
beyond  what  is  necessary  to  assure  advancement;  that  is,  there  is  a pervading  loyalty  and  devotion  to  the 
immediate  superior  as  well  as  to  the  system  in  general  which  spurs  the  intensity  of  efforts. 

The  same  general  tone  is  seen  in  industrial  research  activities.  In  industry,  loyalty  to  the  company  is  a 
further  motivation  since  the  individual  ordinarily  spends  his  career  with  a single  company.  One  senses  the 
Japanese  worker  is  driven  by  the  expectations  of  his  family,  his  fellows,  his  company  and  perhaps  his  coun- 
try with  an  intensity  unfamiliar  to  Americans.  This  perhaps  accounts  also  for  the  near  absence  of  street 
crime.  .* 

In  addition  to  the  willingness  of  the  Japanese  to  try  hard,  there  is  also  the  willingness  to  live  cheaper. 
This  is  especially  noticed  in  the  housing  area  where  there  is  just  no  comparison  to  what  is  considered  accep- 
table in  America.  Top  professors  and  industrial  executives  with  world-wide  recognition  live  in  very  modest 
houses  or  apartments  in  Japan.  This  situation  worsens  with  time  and  the  disappearance  of  building  sites. 
Many  Japanese  families  were  observed  to  share  their  parents  homes,  wholly  unable  to  purchase  a home  of 
their  own  as  prices  have  burgeoned.  Even  one  car  is  a luxury.  Part  of  this  is  of  course  due  to  the  compact- 
ness of  Ihe  islands  which  imposes  a special  premium  on  any  possessions  which  require  space  or  land.  Other 
valuable  goods,  such  as  fine  cameras,  are  widely  possessed.  Still,  the  impression  is  that  in  Japan  people 
work  longer  to  obtain  fewer  material  goods. 

•Other  writers  have  challenged  the  opinion  that  Japanese  engineering  companies  do  well  in  stiff  competition  (see  Chemical  and 
E'ngineering  News,  September  5.  1977) 


' As  lor  (tie  coiiirihuiioiis  ot  ihc  Uiiiiod  Siaics  U)  ihc  vm-II  bciiit!  of  .lupun,  iho  mosi  ob\  ions  is  ilic  imnumi- 

IV  I'rom  iho  burdens  of  defense.  Oihei  assisianee  has  been  given  in  ihe  form  of  loleianee  in  permiiiing 
Japanese  products  lo  How  relatively  unimpeded  into  the  United  States  markets.*  A somevvliat  less  obvious 
contribution  has  been  technical  assistance.  I tir  some  30  years  there  has  been  a IJovv  of  lapanese  to  the 
United  States  to  visit  industries  and  to  study  with  prominent  scholars  in  the  finest  universities.  Dining  the 
visits  in  .lapan  it  was  very  noticeable  that  a high  proportion  of  key  technical  persons  h;id  either  visited  e\- 
lensivelv  in  the  United  States  or  l urope  or  had  actually  studied  extensively  abroad  to  earn  an  advanced 
degree  or  done  posigrailuate  work. 

’ I bus  there  is  a highly  ttained  cadre  v>f  technical  experts  in  Japan  who  have  been  trained  abroad.  It  is  ap- 

parent that  the  technical  expettise  and  technology  of  the  Ihiiied  States  have  been  exported  at  a very 
reasonable  price.  I his  is  no  criticism  of  the  Japanese  who  have  only  sought  to  prosper  under  difficult  con- 
« ditions,  within  our  i tiles  and  w ithin  the  bounds  of  fair  play  as  we  have  defined  these  bounds. 

The  writer  was  told  that  over  the  past  decade  or  so,  as  basie  research  funds  in  the  United  States  have 
evaporated,  manv  basic  scientists  (in  materials  areas)  who  were  trained  in  the  Lhiiied  States  have  returned 
to  Japan  where  they  aie  doing  the  type  of  work  which  no  longer  attracts  support  here.  This  work  is  being 
supported  by  the  Ministry  of  I'ducation  and  other  government  agencies  in  the  form  of  small  but 
unrestricted  annual  grants.  I he  spectre  arises  of  Japan  (and  other  countries)  capturing  the  lead  in  fun- 
damental research  areas  where  the  United  States  has  for  many  years  been  out  front.  I he  long  lange  effects 
cannot  be  seen  clearly,  but  the  United  States  may  be  saving  very  little  money  in  eom(sarison  to  the  risks  in- 
volved. 

rite  success  of  the  Japanese  is  therefore  seen  as  the  product  of  intense  effort,  unity  in  culture  and  goals 
and  help,  intentional  or  otherwise,  from  the  United  States  and  luirope.  Under  these  circumstances  it  is 
doubtful  that  the  United  States  could  compete  economically  without  the  advantages  of  abundant  natural 
resources,  space  and  perhaps  an  edge  in  very  high  technology. 

In  this  connection  there  is  an  important  point  to  be  made  in  favor  of  the  Japanese  technical  comnumiiy, 
which  has  been  under  fire  recently  in  the  American  press.  In  all  of  the  technical  exchanges  which  were 
made  in  this  tour,  the  Japane.se  appeared  to  be  honest,  forthright  and  sincere.  There  was  no  evidence  of 
1 anything  deceitful  or  sinister  or  underhanded  or  dishottest  or  treacherous  at  any  time.  -Xs  a matter  of  fact 

' the  Japanese  appear  tv>  be  very  anxious  to  cooperate  in  a variety  otTechnology  transfer  arrangemettts.  * It  is 

as  if  at  last  Japan  can  see  itself  becoming  an  equal  partner,  and  takes  pleasure  in  this. 

• To  the  mind  vif  the  vvriter,  then,  there  is  no  profit  or  substance  in  searching  for  unprincipled  methods  or 

I motives  in  the  Japanese  technological  world.  Technical  organizations  in  the  United  States  are  at  least  as 

^ mischievous. 

In  one  way  Japan  is  a sad  irlace  to  visit  in  that  the  crowding,  depleted  resources,  heavy  industrialization, 
decline  of  agricultural  areas,  pollution  of  the  waters,  land  and  air  and  the  generally  declining  level  of 
material  self  sufficiency  could  preview  the  United  Slates  to  come;  the  .satne  road  is  being  traveled.  Still, 
there  is  hope,  for  Japan  is  wide  awake  to  the  dangers.  One  sees  new  interest  in  green  space,  natural  areas, 
and  pollution  control  systems,  and  there  are  fierce  struggles  within  Japan  between  the  forces  of  commerce 
and  those  concerned  with  envirotimenial  management.  Because  Japan  has  been  hurt  earliest,  she  vvill 
perhaps  also  he  first  to  find  the  solutions. 

The  sections  which  follow  describe  individual  visits.  Some  of  the  thoughts  which  have  been  expressed 
here  w ill  appear  again  in  these  descriptions,  if  only  between  the  lines.  Hopefully,  the  affection  of  the  w riter 
for  Japan  and  the  Japanese  people  and  his  sincere  gratitude  for  the  chance  to  form  these  tiew  friendships 
will  also  come  through. 

Finally,  for  those  patient  readers  who  have  reached  this  point,  the  vvriter  should  acknowledge  that  he  is 
strictly  a ‘JO  day  wonder  with  respect  lo  Japan,  painfully  aware  that  the  impressions  described  are  based  on 
. limited  experiences.  As  a matter  of  fact.  Ihe  vvriter  suspects  that  a major  qualification  in  being  selected  for 

the  tour  was  an  undisputed  claim  to  total  ignorance  of  Japan,  thus  assuring  an  open  mind  and  freedom 
from  any  preconceived  notions.  This  major  qualification  was  probably  only  slightly  abraded*  by  the  ex- 
periences recorded  in  Ihis  report. 


•The  reverse  flow  appears  ui  be  highly  resirieied.  except  lor  perhaps  raw  rnaierials  and  some  agriculinral  products,  the  relative 
tuirnber  of  .Xitrerican  or  l-uropearr  automobiles,  television  sets,  appliances,  etc.  seen  in  lapan  is  nearly  zilch.  On  being  spieried  about 
the  sparsity  of  Xmerican  cars,  the  reply  is  often  that  .American  vehicles  are  loo  large  for  .lapan’s  roads.  Hut  Amer  ican  siibcompacls 
and  many  Iniropean  cars  arc  as  small  as  Japanese  cars  but  arc  seen  no  more  freittietiilv . Similariv.  it  wotild  be  iinhcaril  ol  for  a 
Japanese  industry  to  import  steel  products  from  the  flnited  States. 

•See  lor  example  references  lo  Dr  I HenolNippon  Steel  C'orporalionl.  p .'8:  Dr  K lerai  Ikawasaki  Heavy  liulusiiies).  p S',  Drs 
V Nishio.  R l-bara  and  t Daikoku  (Mitsubishi  Heavy  IndusiriesI,  p.  d I and  d’. 

• I he  Japanese  have  trouble  with  words  like  ihis.  One  company  brochure  boasted  of  experiments  on  "abrasion"  cooling.  It  took  some 
discussion  before  it  was  ascertained  that  "ablation"  cooling  was  intended.  What  fun! 
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Hiroshima  University  is  eighth  largest  among  government  supported  Japanese  universities.  Although  it 
was  not  established  until  1949,  some  elements  date  back  to  as  early  as  1902.  There  are  nine  faculties  at  pre- 
sent including  law  and  medicine.  Of  interest  to  the  materials  community  are  the  Taculty  of  Science,  which 
includes  a Materitils  Science  Department,  and  the  Taculty  of  Engineering  which  includes  a number  of 
departments  with  interests  in  materials  and  materials  performance.  There  are  also  several  Research  In- 
stitutes, including  a Laboratory  of  Crystal  Physics  which  is  attached  to  the  Faculty  of  Science.  The  Faculty 
of  Engineering  has  recently  been  reorganized  into  four  divisions:  mechanical  engineering,  electrical 
engineering,  chemical  engineering  and  structural  engineering.  Doctoral  programs  in  engineering  have  also 
been  started. 

On  this  visit  Professor  K.  Nakasa  and  H.  Takei  of  the  Faculty  of  Engineering  were  visited.  These  pro- 
fessors are  working  in  the  areas  of  fatigue  and  fracture.  A few  highlights  of  the  discussions  follow: 

1)  500°  F embrittlement  - the  professors  have  shown  that  500°  F embrittlement  shows  up  in  K^.*  (crack 
initiation)  and  K^.  parameters  but  that  the  plane  strain  parameter  K|^.  is  insensitive.  Thus  plastic  delorma- 
tion  is  required  at  the  notch  or  crack  tip  for  500°  F embrittlement  to  be  observed.  Of  equal  interest,  dimple 
rupture  is  the  fracture  process  in  both  embrittled  and  non-embrittled  specimens,  and  therefore  an  in- 
tergranular process  does  not  necessarily  accompany  5(X)°  F embrittlement  (See  JJIM  37,  754,  1973). 

2)  Sheet  thickness  effects  on  fracture  toughness  of  high-strength  steels  - Studies  of  the  effects  of 
specimen  thickness  B on  the  fracture  toughness  parameter  Kj.  and  on  shear  lip  thickness  B^|  were  made  on 
several  steels  of  varying  tensile  strength.  The  value  of  K^.  increases  with  thickness  in  the  range  of  small 
specimen  thickness  where  slant  fracture  occurs.  At  intermediate  thickness,  where  mixed  slant  and  flat  frac- 
ture regions  are  observed,  K^.  decreases  with  increasing  thickness.  Greater  specimen  thickness,  where  Bat 
fracture  predominates,  produces  gradually  decreasing  until  the  value  of  K|^.  is  approached.  Shear  lip 
thickness  B^i  decreases  with  specimen  thickness  over  the  intermediate  region  of  mixed  slant-flat  fracture. 

On  the  basis  of  the  results  Nakasa  and  Takei  propose  an  approximate  relation  B^i  /B  = where  B is 
specimen  thickness,  B^i  is  shear  lip  thickness,  /3^.  is  relative  plastic  zone  size,  m is  an  exponent  (value  0.6  ~ 

1 .0)  independent  of  material  and  o is  a coefficient  dependent  on  the  work  hardening  exponent.  The  relative 
plastic  zone  size  is  given  by  K^.VBoy  where  Oy  is  yield  strength  and  the  coefficient  a is  given  by 
0.0016/nl  .6.  The  work  is  described  in  JISI,  62,  1523,  1976. 

3)  Effects  of  mechanical  and  environmental  effects  on  fatigue  life  - Several  variables  on  fatigue  have 
been  studied.  For  example,  the  effects  of  small  repeating  stress  on  the  delayed  fracture  crack  initiation  in 
high  strength  Ni-Cr-Mo  steel  (4340  type,  50  Rc)  has  been  of  interest.  It  is  considered  that  very  small 
repeating  stresses  (large  R value)  may  produce  fundamentally  different  effects  than  larger  repeating 
stresses  superimposed  on  the  static  load.  Very  small  repeating  stress  may  have  little  effect  on  static  fatigue, 
and  may  produce  effects  similar  to  a change  in  temperature  or  environment.  On  the  other  hand,  larger 
amplitude  repeating  stress  superimposes  fatigue  and  delayed  fracture  phenomena  and  the  interaction  in 
corrosion  fatigue  must  be  considered.  In  short  Nakasa  and  Takei  are  attempting  to  use  superimposed  alter- 
nating stresses  of  various  amplitude  and  frequency  in  static  fatigue  tests  to  deduce  mechanisms  for  the  ef- 
fects of  corrodents  and  hydrogen.  Two  papers  (JJIM,  40,  744,  1976  and  Eng.  Fracture  Mech,  submitted 
March  1977)  present  data  on  the  effects  of  superimposed  stress  and  varying  frequency  on  fatigue  strength 
of  notched  specimens  and  on  crack  incubation  time,  crack  growth  rate  and  Kis^,.  of  precracked  specimens. 
The  superimposed  stresses  decrease  fatigue  life  in  the  notched  specimens.  The  incubation  time  (time  to  ini- 
tiate crack  growth)  and  Kis^.^.  in  precracked  specimens  are  decreased  by  the  repeating  load  as  the  range  of 
AK  or  the  frequency  increases.  The  crack  propagation  rate  is  decreased  by  the  superposition  of  increasing 
alternating  load  but  there  are  minima  in  rhe  curve  of  frequency  versus  da/dt.  The  investigators  attribute 
the  decreased  incubation  time  and  Kisj-j.  value  to  the  effects  of  the  repeating  load  and  increasing  frequency 
in  promoting  corrosion  reactions.  Surface  films  rupture  at  the  crack  tip,  which  in  turn  increase  the  supply 
and  adsorption  of  hydrogen. 

The  decrease  in  crack  propagation  rate  is  explained  as  a net  reduction  in  hydrogen  concentration  at  the 
position  of  highest  triaxial  tensile  stress.  The  area  of  highest  triaxial  stress  moves  inward  from  the  surface 
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vMtIi  iiKTcasin^  Ak,  ain.1  hydiogcn  imiM  JiHum-  liirihcr  I tom  the  surliicf  ai  llici.rai.k  lip.  When  ihc  \aliiool 
AK  IS  large,  hvilrogeii.  caimol  Uilluse  lo  lire  region  i>l  inaxiinnin  siiess  beUne  lire  stress  e>ele  reserses,  Ii  is 
also  siiggesied  ihai  lire  generaiioit  ol  eoinpressoe  residual  stress  oi  a eliange  ol  niierosinieiure  neat  the 
eraek  up  caused  h>  the  alietiiaiing  load  tnay  suppress  the  eni ranee  and  dil  tusioii  ol  hydrogen, 

I he  inieraetion  id  delayed  lailure  and  the  initiation  and  propagation  ol  I'aii^  e eiaeks  In  Ni-C'iMo  sieel 
were  discussed  with  relerence  to  a recent  paper  ( 1 runs  ,1IM  17  726.  19^6).  Nakasa  and  lakei  (with  1. 
.•\samoio)  deselop  an  expression  lor  laugne  crack  growth  rale  in  water  whicli  sums  tire  fatigue  crack  pro 
pagaiion  rale  in  an  and  the  crack  propagation  during  static  fatigue  in  water.  Urns, 
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In  these  expressions  Ak  is  the  stress  intensity  range,  k,,  is  the  stress  intensity  In  delayed  failure  (static 
latigue),  f is  frequency  and  p is  an  addition  coefficient. 

1 he  \alue  ot  P found  by  the  Hiroshima  University  investigators  is  apparently  0,.^  rather  than  the  value  of 
1.0  which  Wei  and  I andes  had  proposed  earlier  (Mat.  Res.  Sid.,  9,  25,  1969).  The  value  of /I  is  related  also, 
according  to  the  Japanese  investigators,  to  the  interaction  of  hydrogen  atoms  and  the  cvclic  chance  of 
triaxial  stress  field, 

Nakasa  and  I akei  have  recently  studied  the  effects  of  temperature  on  the  frequency  dependence  of  crack 
propagation  rate  in  delayed  lailure  under  cyclic  load.  The  paper  is  intended  for  publication  in  Tngineering 
f racture  Mechanics. 

Another  recent  fatigue  investigation  involves  the  effect  of  fatigue  accumulation  on  delayed  failure  crack 
mutation  in  high  strength  steel.  I'he  steel  is  again  the  4540  Ni-Ci-Mo  type,  tempered  at  either  2(X1'’C  or 
4(Xf'C  . Bend  specimens  have  been  u.sed  in  the  notched  condition,  and  pulsating  stres.ses  of  various 
amplitudes  and  trequencies  have  been  applied  to  study  the  ellects  of  fatigue  accumulation  on  subsequent 
static  latigue  test  results.  It  has  been  found  that  specimens  tempered  at  2(X)‘’C'  show  a decrease  in  crack  ini- 
tiation time  in  delayed  failure  with  increases  in  fatigue  amplitude  and  accumulation.  The  critical  sire.ss  for 
such  initiation,  however,  is  not  affected.  Specimens  tempered  at  4(X)°C'  show  both  reduced  time  for  initia- 
tion and  in  critical  stress  with  fatigue  accumulation,  l or  further  detail,  see  .IJIM  59.  7.55,  1975. 

The  discussions  with  Nakasa  and  Takei  convince  one  that  first  class  work  is  conducted  at  Hiroshima 
University.  .X  lengthy  visit  would  likely  have  been  well  worthwhile.  When  one  recalls  that  the  holocaust  of 
some  .50  years  ago  wiped  out  this  school  physically,  the  progress  which  has  been  made  is  astonishing. 
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I i>IU>w  111;:  a Msii  u>  Kawasaki  Hcas  > liulusti los  ( l)i  K I ciai,  liosi).  i lie  w met  w as  ei'iiiacied  h\  Mi . A 
Iwaia  ot  Kawasaki  Hoavs  IikIusiiios  aiiii  I’lolessm  N San  ^'1  Ki'be  Meieaiuils’  Mariiie  I'liiscisiiv  ei'iuein 
nip  some  oxponmenis  ilicy  aic  coiulucnn;:  on  a ship  propulsion  scheme  1 he  wot  k is  hem;;  done  at  ihe  Met 
eaniile  Marine  linisersiis,  with  Iwaia  woikine  on  a spate  oi  lelease  lime  basis.  1 he  m\esii;:aiors  tequesied 
an  on  sue  s isii,  and  tins  was  dime. 

liasieally.  the  propulsion  de\  iee  iinobes  lurnin;:  the  ship  and  sea  into  an  eleeiiie  moioi . A magneiie  field 
IS  supplied  usm;:  supeieondueimg  eiiiuits,  and  an  eleeirie  euiieni  passed  through  the  saltwater  produees  a 
toiee  which  propels  the  ship.  Ihe  ehiel  advantage  Is  ol  eouise  that  noise  fiom  a pio|>ellei  is  eliminated. 
Hull  seals  ate  also  eliminated.  Disadvantages  melude  highiv  detectable  magnetic  and  eleciiic  fields  and 
pool  elficiency. 

I he  evperimenial  setup  at  the  Meicantile  Marine  flmversitv  includes  a wivikmg  model.  About  the  si/e  of 
three  bread  baskets,  it  produces  a force  of  5 grams.  It  also  leleases  copious  nuaniiiies  ot  gas  geneiated  elec- 
trolyiicallv  m the  water  and  at  the  suiface  from  the  liiiuid  helium  iei|uiied  to  ptoduce  the  supeiconducimg 
magnet. 

According  to  the  investigators,  the  efficiency  is  potentially  much  gteater  m a large  scale  model,  and  they 
are  seeking  the  necessary  suppoit  lor  this  wotk.  Ihe  constiuction  of  the  ptesent  wotkmg  model  and  the 
calculations  indicating  an  efficiency  increase  with  si/e  are  appaienilv  the  chief  contribution  of  Iwata  and 
Sail;  the  basic  idevi  of  the  propulsion  system  was  admittediv  described  earlier  by  I'S A mvesiigatois  (and  so 
referenced  bv  Iwata  and  San). 


KYOTO  UNIVERSITY 


Kyoto  University  was  founded  in  1897  and  a College  of  Science  and  Engineering  was  one  of  the  four  col- 
leges which  composed  the  university  at  that  time.  In  following  years  many  other  colleges  were  formed  and 
Kyoto  University  is  of  course  well-known  today  throughout  the  world.  On  this  occasion  the  Department  of 
Metal  Science  and  Technology  and  the  Department  of  Metallurgy  were  visited.  Principal  host  was  Assis- 
tant Professor  Paul  Shingu,  of  the  Department  of  Metal  Science  and  Technology.  Dr.  Shingu  is  a graduate 
of  Northwestern  University  and  is  in  the  Foundry  Technology  Laboratory  (of  all  places)  directed  by  Pro- 
fessor R.  O/aki.  Other  groups  in  the  Department  of  Metal  Science  and  Technology  are  the  Lattice  Defects 
and  Crystal  Plasticity  Laboratory  (Professor  J.  Takamura),  the  Structural  Metallurgy  Laboratory 
(Professor  M.  Adachi)  the  Science  of  Steels  Laboratory  (Professor  1.  Tamura),  the  Metal  Physics 
Laboratory  (Professor  Y.  Nakamura)  and  the  Welding  Engineering  Laboratory  (Professor  M.  Mizuno). 
The  juxtaposition  of  basic  metallurgy  studies  groups  with  the  “practical”  groups  associated  with  foundry 
and  welding  is  an  intriguing  feature  of  the  Department  of  Metal  Science  and  Technology. 

The  Department  of  Metallurgy  is  composed  of  the  Iron  Metallurgy  Laboratory  (Professor  T.  Mori),  the 
Nonferrous  Metallurgy  Laboratory  (Professor  J.  Moriyama),  the  Electrometallurgy  Laboratory 
(Professor  H.  Majima)  the  Science  of  Metallic  Materials  Laboratory)  Professor  Y.  Murakami,  the  Foun- 
dry Metallurgy  Laboratory  (Assistant  Professor  Y.  Kawano)  and  the  Process  Metallurgy  Laboratory 
(Professor  Y . Kondo). 

It  is  obvious  that  the  groups  in  the  two  metals  departments  are  often  complementary  and  perhaps  even 
overlapping  (the  Navy  reorganizers  would  have  great  fun  here),  but  a great  deal  of  interaction  and 
cooperation  was  observed.  The  present  organization  is  working. 

One  current  activity  of  the  Foundry  Technology  Laboratory  (P.  Ozaki,  P.  Shingu  and  K.  Kabayashi)  is 
on  the  details  of  crystal  growth  and  solidification  in  the  eutectic  and  near-eutectic  compositions  of  the  Al- 
Si  system.  In  hypereutectic  alloys  the  plate-like  primary  silicon  crystals  grow  by  the  so  called  TPRE  (twin 
plane  re-entrant  edges)  mechanism.  The  silicon  crystals  in  sodium  treated  melts  appear  to  be  spherical  and 
are  composed  of  several  pyramidal  grains  with  tops  at  the  center  of  the  sphere.  Many  have  a twin  relation 
to  each  other.  The  sodium  enriched  regions  are  located  at  the  boundaries  of  the  pyramidal  silicon  grains. 
The  external  surfaces  of  the  spherical  primary  crystals  exhibit  regular  crystal  facets,  usually  parallel  to 
{111}  planes. 

The  crystallographic  relationship  between  the  primary  silicon  crystal  and  aluminum  crystal  nucleated 
heterogeneously  on  the  silicon  surface  in  hypereutectic  Al-Si  alloys  is  apparently  random,  but  Shingu  and 
others  have  shown  that  the  orientations  may  be  clarified  simply  by  consideration  of  the  twinning  in  the 
primary  silicon  crystals.  The  epitaxial  relationships  between  silicon  and  aluminum  crystals  in  untreated 
alloys  and  in  sodium-treated  alloys  are  different. 

Silicon  crystals  usually  nucleate  on  the  surface  of  aluminum  with  little  undercooling,  but  aluminum 
crystals  are  difficult  to  nucleate  on  the  surface  of  silicon  crystals.  An  explanation  is  offered  in  terms  of 
relative  interfacial  energies. 

There  is  a shift  of  the  aluminum  solidus  in  the  Al-Si  system  resulting  from  sodium  additions.  Slightly 
hypereutectic  Al-Si  alloy  treated  with  sodium  shows  primary  crystals  of  aluminum  rather  than  silicon.  This 
shift  in  eutectic  composition  is  explained  in  terms  of  thermodynamic  considerations  rather  than  the  poison- 
ing of  heterogeneous  nucleation  sites  by  sodium  as  advanced  previously  by  other  investigators.  Further 
details  on  this  work  may  be  seen  in  Jr.  Materials  Science//,  399,  1976, 10,  290,  1975;  Scripta  Metallurgica 
10,  525,  1976  and  Trans  JIM, /7,  545,  1976. 

Shingu  and  his  colleagues  have  also  studied  and  apparently  discovered  the  first  iron-carbon  amorphous 
metal  and  in  particular  amorphous  cast  iron.  Shingu  and  Ozaki  have  made  numerical  calculations  on 
solidification  rate  for  splat-cooling,  and  the  relative  importance  of  such  factors  as  splat  temperature, 
substrate  temperature,  thermal  contact  between  splat  and  substrate  and  splat  thickness.  These  calculations 
indicated  that  improvements  in  splat-cooling  procedures  could  be  made  and  this  was  confirmed  by  the  pro- 
duction of  amorphous  structures  in  near-eutectic  iron-carbon  splat-cooled  material.  A gun  method  of 
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sj'I.K  viHtlmj!  Ill  v.uiiiiiii  vv.is  iiscil  All  iiii|ioiiaiil  iiiiun ,ili()ii  «.is  llic  |'i(ilivluiii  iil  llu-  Mihsli.ili'  sihci  pl.iu- 
lioin  dll’  .ulM>ii'iu'n  »>l  (;.is  lU-lmo  lOidinj:  tlio  miI'nii.iic,  iin  miiI.uc  was  v.i'\i‘u\l  In  siili  iiihl'oi  lo  a\nui 
ili'l'iniiion  ol  unuliial  iian's  liniiu'iiiaioK  piu>i  u>  splat  i'oi'lii4',  ihi'  iuI'Ih’i  vom'i  nas  lomi'M'd  I'n  a 
niaitiii'iiv.'  ill's ik'i'  lisi'aii'il  ssiiliin  the  saiiiiiiii  i haiiiboi 

Sliinjiii’s  j:u>up  IS  loniimiiiif!  to  siiuls  iho  l oiuliiions  lu  ol'iam  ilif  ainoi  pliniis  stall'  I's  ii'iiiiiiiu'iis  lonl 
III};  I Ill'll' ail' I'ssi'iiiialls  isso  possibli' loniiollm};  |si  dii'ssi's  I)  ilii'  iiius  I'liii'iii  dI  tin'  solul  luiinil  iiiii'i  t.iii' 
IS  limiti'il  |ss  aioniii'  iianspoi  i anil  at  i.tnui'iiii'iii  pi  on'ssos  ami  2)  tin'  solul  lupiiil  inii'i  I an'  si'loiits  is  limiii'il 
I'S  till'  I'Mi'inal  };i  ailii'iiis  ssltiili  lan  I’o  ili'si'U'pi'il  Shin}iii  lias  I'sinnaii'il  tin'  ili'};ii'i'  I'l  kini'iii'  iiitili'iii'i'liiii' 
ssliiili  I'aii  I'l'  I'l'tami'il  A liiniim};  I'l'inlilii'ii  ol  lOi'liii}:  is  si'cn  sshi'it  llti'  n'l'liii};  tali'  is  so  lai};i'  ili.ii  ilu' 
iissial  itiossih  lannot  losi'i  tin'  sslioli'  sainpli'  I'OiK  I'l'loii'  it  is  looli'il  to  a ii'ini'i'iaiiiii'  so  loss  that  ilu' 
}:iossili  tali' ol  till' iissial  is  ni'}:li};il'li' 

I Ins  ssoik  on  ainoiplious  alloss  is  ili'siiil'i'il  in  sonu'  ili'iail  in  ihi'  liii'iainii'  (soo  Siii|'ia  Mi'i.illni };ii'a.  A, 
nf,  l'>''-4,  Maii'iials  Si'ii'iui'  anil  I n};nii'i'i iii};,  IS',  l'>‘'6  .iml  Mi'i  lians.,  PA,  ",  d"'')  I’li'si'ni.i 
lions  Ill'll'  ,ilso  in.iili'  lo  till'  Si'i'oiiil  Inii'i  n.iiional  lonli'ii'iiii'  on  Kapiills  (,>ni'nilii'il  Mi'ials,  Mil,  l‘)7'  aiul 
lo  till'  loini  Uniii'il  Si.iii's  lap.in  Si'inm.ii  on  Soliililii',iiion  ol  Mi'ials  ami  Alloss,  lokso,  l.iniiais  I"", 

HIT? 

Sliini;n  is  iiiiii'iiils  simlsni};  ilii'  piopi'iiii's  ol  ainoiplious  nu'i.ils  imimimg  ili'iisiis  ili.in};i's  upon  .iniii'.il 
ini',  ami  ilio  s.iiiaiion  ol  sisiosiis  ssiili  ii'inpi'iainii'.  Ainoiplious  nu'ials  }>i'i  si-is  sisioiis  ni'ai  ilii' 
ii'i'issi.illi/aiioii  poini,  Ig.  Ills'  ai'lis,iiion  I'lii'i.ns  is  Ingli  I'l'i.nisi'  sisions  inosi'ini'iii  is  insolsi'il  upon 
ili'loi  111.11  ion  ol  .inioi  plions  nii'i.ils  ai  lii}:li  U'liii'i'i  .11  nil's  I lii'io  is  no  l.iiliii'  iIiHiisioii;  Ih'iki'  i'iysi,il  };ioss  ili 
IS  nni'i'ili'il. 

Sliin.mi  IS  ,ilso  siiiilsiiii’  till'  soliilirii'.iiion  ol  si',issaii'i , takiii};  iiiio  ,ii'ioiini  not  onis  ilio  ilii'inial  };iailii'nis 
I’lii  .ilso  ills'  loiii'i'iiiiaiion  ami  ilisii it'inion  ol  s.ili  lln.iiiso  ol  ili.in.m's  in  loniposiiion,  ilio  ii'iiipi'i.iiiiu'  ol 
soliililii'.iiion  ili.in};i's.  A p.ipi'i  ss,is  I'u'si'iiii'il  on  tins  siil'ii'ii  10  ills'  loiiii  Uniii'il  Si.iii's  .iapan  Si'iiiin.ii  on 
Soliililii'aiion  ol  Mi'ials  ami  Alloys,  lokso,  l.iini.iis  P,  l‘)77,  I'liiiili'il  ‘‘.An  Analysis  ol  ilio  Soliililii'.iiion 
Rail'  ol  a Hin.iis  1 iiii'ilii'  Sssioiii  ''  Ills'  I'ypi'iinii'iiis  iK'sii  ihi'il  ssi'ii'  l',isi'il  on  ol'si'i  sal  ions  ol  soliilirii.ilion 
.ill'll};  .iml  ss  II Inn  .1  };l.iss  ml'i'  l illi'il  ss  iili  salt's  .11 1'l  .iml  lOoli'il  .11  oiii'  I'liil  ss  iili  luiuitl  nitiO};i'n. 

l>isiiissions  ol  simlii's  on  ii'inloiii'il  loniposiii's  ssoii'  liolil  ssiili  l>i  Slu'iiio  lliliiai  ol  ills'  Siii'iui'  ol 
Mi'iallii  Maii'i  i.ils  1 .ihoi  .1101  \ . ( 'oniposiii'  niaii'i  i.ils  mas  I'o  ili'};iaili'il  I's  ilii'  inii'i  lai  ial  i lii'iim  al  1 1'.ii'iioiis 
ssliiili  m.is  oi'iiii  I'l'issi'i'ii  iiiaiiiy  .iml  lil'oi;  ilii'U'lou',  "iliiai  ami  Ins  iolli'.i};ui's  aio  simlsiii};  ilii'  I'lli'iis  ol 
inii'i l.ii'i.il  I'omliiions  on  ills'  iiii'iliaimal  piopi'iiii's  ol  loinposiii's.  Imlmli'il  in  ilii'si'  simlii's  aic  ilu'  I'llt'iis 
ol  snil.ii'i'  ion};lnii'ss,  io.iini};s,  ou'.  Ii  li.is  I'l'i'ii  lonml  lioiii  ili'loi maiion  I'vpi'i iiiii'iiis  on  Mo  I'li  ( 1 loni 
posiii's  .iml  W I'll  I'oniposiii's  ili.ii  ilu'  loiisili'  siii'n};ili  is  lossi'i  ili.ni  I'.iliiil.ili'il  lioiii  ills'  nils'  ol  iniMnu's, 
piol'.il'Is  I'l'iansi'  ol  il.ini.iisi'  10  ills'  soliil  solniion  .11  Mo  lil'i'i  nili'i  l.iii's  01  lioiii  ii'ilmi'il  ilmiiliis  ol  W 
lil'l'IS, 

It  li.is  I'l'i'ii  ol'si'isi'il  ili.ii  III  \N  fn  I'l  I'l'inposiii's  ilu'  W til'i'is  I'u'.ik  in  ilio  I'lasiiy  ii'};ion.  ami  ilii'  li'iisiU' 
siii'n.s;ili  ami  i'lon};aiion  is  less  than  loi  \\  t’n  loniposiii's.  1 Ins  is  hi'i-.nisi'  oT  .1  noiili  I'lli'ii  in  inn};sii'n 
lil'i'i  I'ausi'il  I'S  ills'  liai'inii' oT  a W I'l  solnl  solniion  lavi'i  .11  ilio  lil'i'i  in.iiiiv  niii'i  l.ui',  Smli  siion};i'i  I'on 
iliii.c  I'.ni  pioiliii'i'  pool  iioii'li  I I'sisiaiii'i'  ol  ilio  I'oinposiii'  also  I lie  I'lli'i  is  ol  niii'i  laeial  ii'.iiiions  on  ili'loi 
111.11 1011  ami  liai'inii'  I'l'lias  ioi  ol  lOniposiii's  iloi'i'iiil  on  llio  si/e  .iml  ilm  iilils  ol'  ilio  l il'i'i . 

I'oaiin.tfs  I'.ni  mipiosi'  niii'i  I'aiial  slu'.n  siii'n};ili.  Ii  is  niii'U'sini};  lli.il  llio  slieai  siii'n};lli  ai  .111  nili'i  l.iii' 
I’.iii  I'l'  sni'si.niii.il  esi'ii  sslu'ii  ilic  ii'iisilo  siii'n);ili  is  neai  /I'lo,  Tins  is  aiiounli'il  lin  I's  ilie  i'lli'iis  ol  in 
li'i  loi'kni};  ss  nil  sill  Tail'  11  lognlai  ilii's. 

k'oaini};s  on  inn};sii'n  lit'i'is  ol'  i.iil'oii,  I'.n I'oinii iili'  ami  imki'l  pioiliiii'  siii'ii};ilii'nin};.  W lii'ii  \'|  (lil'i'i 
solimii'  liai'iioii)  is  less  ihaii  \'nnn  (nnninnnii  lil'oi  \ , 10  ii'inroiii'  llio  inaiiiv  iiiaioi tall,  ilioio  is,  iimli'i 
sii.nn,  liaiinio  ol  llio  I'il'ois  in  llio  loini'osiio  10  ooiiiiinially  slioiioi  lon};ilis  niiiil  llio  longili  lo  ,.  is  loaolioil 
(lo  IS  ills'  oiiiio.il  loii}:ili  gill'll  I'S  lo  il  o,  2,,  i t'oiiig  llio  slioai  siiongili  ai  itio  iiiioi  l.ioo).  I loiioo  llio  s.iliios 
ol  ills'  oiiiioal  aspooi  laiio  ami  slioai  siioss  .11  ilio  iiiioilaoi'  oan  I'o  ol'ianioil.  l lio  salnos  ol  oiiiioal  aspooi 
i.iiio  ami  slioai  siioss  ilopoml  on  \'|  ami  llio  niioilaoial  oomliiions  .An  oMoinal  load  mas  ii.msloi  10  ilio 
lil'l'IS  os  on  ssiili  /oio  mioi  I'.ioo  I'omllng  I'ooanso  ol  ilio  I'lioiional  loioos  ai  ising  oni  ol  llio  oonii'iossion  snoss 
losnitmg  110111  ilirroionoi's  m ooniiaolions  ami  ilol'oi mation  I'oissoon  lil'ois  ami  niaiiiv. 

Ilio  ssoik  of  (Vliiai,  Mmakami  ami  oiliois  on  lil'oi  oomposiios  is  snnimaii/oil  in  sosoi.il  p.ii'ois  (soo 
1 tails.  MM,  /IS,  4M,  l‘)7.<i,  /is.  "S,  ii)7S.  p,  p4‘>,  l‘>7p;  IIM  208,  P’4,  P,  57‘»,  l‘)74;  Moial  Soionoo, 
V,  5.",  I‘)7S.  /(),  401,  l‘)7p).  Wolk  has  also  I'oon  ilono  on  in  siin  oompositos  as  in  ilio  nniilnootioiialls 
soliililioil  ipi.isi  I'lnaiv  AI  S (C'ii.Mg..Al.)  oiiiooiio.  lliis  ssoik  lolaios  solnlirioation  laio  10  siinoinio  ami 
mooli.niioal  pi I'l'oi  til's  (soo  l ians.  ,I1M,  /.<,hP,  1*>"'4). 

Ilio  .Soionoo  ol  Moiallio  Maioii.ils  I al'oiaiois  has  also  I'ooii  simlsmg  siioss  ooiiosion  oi.ioknig  m 
ainmmiim  alloys,  "no  snoli  siiulv  has  I'oon  on  mioiosiinoinial  olloois  on  Sy'P  ol  .'M  /n  Mg  alloss 
Mntakann  ami  oolloagnos  siaio  ili.n  ilio  Sy'('  snsoi'i'iil'ilns  is  ooniiolloil  I's  ilio  si/o  ami  ilisii il'iiiion  ol 


(iiaiii  bKuiulaiy  pu'i.'ipiiaics,  iii  uiiii  ik'poiiilciii  upon  ilic  giain  houiulaiy  siniciuic.  liiciysials  »iih  ivmsi 
angles  Miialloi  than  sescial  ilegiees  displayed  exeelleni  SCC  tesisiaiiee  leganlless  ol  heal  lieaiiiieiii  eoiuii 
(unis.  I tie  w iildi  t>t  pieeipiiate  liee  /mie  (I’t  /)  aiul  ma(ii\  pieei|>i(aies  weie  imiiu)i  iiiriiieiices  on  St  { '.  I he 
piesenee  ol  speeies  wliieh  may  inriueiiee  eleed  oehemieal  behavior  are  suspeeled  lo  be  iiiipoi  (am  m aildiiloii 
to  (lie  imeiosiiiieim.il  mriiieiiees.  See  1‘ioe.  Imei  national  I ighi  Metals  t'oiilerenee.  I eoben  W ien,  ( iei 
many.  I‘)7,‘'. 

I he  Seieiiee  iil  Meiaihe  M.iteiials  I .iboiaioiy  in  eoopeiaiion  vsiili  the  I'miiidry  Metallmgy  I aboiaioiy 
(K.os.ino)  li.is  also  .indied  the  st.ibility  ol  eenienlite  m iioii  earbon  alloys  and  in  east  nous.  One  appioaeh 
has  been  obseivaiion  ol  the  elieets  ol  imiviet  on  the  loiniation  ol  gia|ihiie  at  ele\aiei.l  lempeiaiiiies  in  iuiii 
4.24  eaiboii  alloys  (<  il  l Si).  .’X  eiiiieal  level  ol  deloimatioii  (about  70  pereeni)  was  obseived  beyond 
whieh  giaphiti/aiuin  .it  l(HH)‘’('  oeenried  very  rapidly.  I lake  graphite  rormed  along  the  direelion  ol  plasiie 
flow . I iiiless  the  eiitie.il  deriirmaiion  level  tor  giaphiii/aiion  is  leaeheil.  annealing  at  llKK)‘’t'  [noduees  only 
ehange' m siinetiiie  aliei  detoiniation,  and  no  grairhiti/aiion.  Hie  mvestigatois  suggest  that  this  pioves 
the  i.ite  ol  glow  III  ol  gi.iphiie  is  eoni  lolled  by  the  rate  ol  solution  ol  eemeiiliie.  1 he  ell  eel  ol  inipaei  deloi 
m.iiion  IS  to  bleak  dow  n the  ei'valeni  bonds  in  eenienlite.  The  geiieial  baek ground  is  given  in  Uulleiiii  .1 IM. 
/ /.  ‘Hl.t.  I ‘172.  I he  impaei  woi  k is,  liowevei.  still  in  maniiseiipi  lot  in. 

I’lolessm  1 M.iki  deseiibed  svune  eiiirent  aeliviiies  ol  the  Seienee  ol  Steels  I alMi.iivuy.  One  inieiesi  is 
III  two  phase  iioii  alloys  with  the  seeond  (ihase  displaying  some  diieiility.  The  strengih  aiul  ilneiiliiy  ol  siieli 
alloys  .IS  eoiiiiasieil  lo  single  |>hase  alloys  is  lelaieil  to  iiiierosinieiine.  I hiis  the  v.iiiables  aie  giain  si/e, 
volume  liaelum  ol  seeond  phase,  and  dirierenees  in  tensile  pioperiies  between  the  in.itiiv  and  seeond 
ph.ise.  Snell  v.iiiables  .ne  eoniiolled  by  eomposition  and  heat  iieaimenl.  .Mloys  whieh  have  been  studied 
are  m the  l e t'l  Ni.  I e Ni f and  l e t'  systems. 

I he  moie  im|voi(aii(  liiulings  on  (a-y  alloys)  are  that  two  phase  alloys  may  show  betiei  eombmaiions  ivt 
strength  and  elongation,  probably  beeause  the  giain  si/e  of  the  two  phase  alloys  is  geiieially  smallei.  1 he 
lendeney  to  eoarsen  is  also  redueed.  Hie  elTeel  ol'  grain  si/e  is  the  same  I'oi  single  phase  and  two  phase 
alloy  s,  and  follows  the  I’eteh  relationship.  A paiameiei  t'  is  introdueed  whieh  is  simply  the  ratio  of  the  0.2 
pereeni  yield  strengih  of  the  hardei  phase  to  the  softer  phase.  VS'ith  t'  less  than  a value  of  .f  the  law  id  mis 
lures  applies:  bin  at  highei  values  the  law  is  not  preilieiive.  Hie  invesiigaiois  have  ileveloivd  these  obseiva 
lions  into  some  rather  eomplex  theoretieal  analyses  of  two  phase  alloys.  Details  may  be  seen  m Hans.  .11  Nt, 
/.I,  2S.k  l‘>7,f;  Materials  .Seienee  and  l•llgineering,  24,  S.',  l‘)76  and  in  I’loe.  of  1074  Symposinni  on 
Meehanieal  Hehavior  of  Materials,  Kyoto,  1074. 

.Xiiothei  interest  of  the  above  group  is  in  the  strength  atul  ihieiility  of  ansienitie  I e Ni  aiul  l e t 'l  Ni 
alloys  as  influeneed  by  strain  indueed  maiiensiiie  iransformations  (I  RIP  steels).  Hie  impoiiani  point  is 
that  all  alloys  involving  I RII’  type  martensiiie  formations  show  high  eloiigaiion,  .iiul  .in  o|vtininin  eloiiga 
lion  oeeiirs  with  an  o|viiniuni  rate  of  maiiensiie  formation.  The  mai tensile  suivpi esses  neekmg  beeause  of 
the  eoniinuous  and  large  ineiease  in  strain  hardening  exponents.  In  addiiivui  mieroeiaek  eiaek  iniii.ition 
and  grow  ill  is  suppresst'd  beeause  of  the  relief  r'f  loeal  stress  as  mai  tensile  lot  ms.  1 he  w oi  k is  piesenteil  in 
greater  detail  in  liaiis  ISl.l,  /(),  Ib.f.  1070;  I’roeeedings  of  Confeienee  on  the  Strength  of  Metals  and 
Alloys,  ‘MK),  I’aeifie  (irove,  C'aliforniii,  1070  and  Ini.  Symposium  on  Inipioved  Duelihiv  aiul 
roughness.  Iron  and  Steel  Insiiinie  of  .lapan  and  Climax  Molybdennm  DeveUrivmeni  Company  I ivl. 
(.lapan),  Kyoto,  l‘)7l . 

Dr.  Maki,  wlu>  ineidetiially  did  posi-doetorale  work  with  I’rofessoi  W'ayman  at  Ihiiveisiiy  of  Illinois  in 
107b,  also  diseussed  some  eurrent  vvoik  on  amorphous  metals.  In  parlieulai  theie  is  inlet esi  in  whai  sinie 
lure  ilevelops  in  amorphous  metals  upon  aging.  Hie  studies  are  beginning  with  Ni  Civ  Si  1)  alloy.  Hieie  is 
also  interest  in  high  speed  steel  whieh  h;is  been  rtipidly  niieneheil  as  by  lollei  (.|uenehing.  Hie  ia|vidly 
queiiehed  high  speed  sieel  is  not  amorphous  but  there  is  great  interest  in  what  kiiul  vvf  e.n bides  preeii’iiaie 
as  eompared  to  those  in  normally  treated  high  speed  steel.  Hie  possibility  of  improveil  wear  resistanee  and 
meehanieal  properties  is  visuali/ed. 

Hie  materials  aeiiviiies  at  Kyoto  Univeisity  are  of  eourse  fai  moie  extensive  ihan  eouUl  be  eoveievl  in 
one  short  v isii . I low  ever,  the  exeellenee  of  the  work  going  on  eouUI  be  appreeiateil.  I\>  give  a bioailei  v iew 
of  the  aeliviiies  giving  on,  listings  of  the  l‘)76  researeh  aetivities  of  the  Depaiimenis  ol  Metal  Seienee  and 
l eehnology  and  Metallurgy  are  appended  to  this  report . 
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APPKNDIX 

KKSKARC  Il  AC  TIVITIKS  IN  DKPARTMKNTOF  MKTALSCIKNCK  AND  TKC  HN()I,(M;Y 

l attice  Defects  and  Crystal  Plasticity  Laboratory 

Professor:  .1.  Takamura 
Assistant  Professor;  K.  t'uriikawa 
Assistant:  F.  Nakamura 
Assistant:  N.  Narita 

1)  Vacancy-Solute  Interactions  in  Dilute  Alloys 

2)  NMR  Studies  in  Dilute  Alloys 

3)  Deformation  Twinning  and  the  Stacking  Fault  Energy  in  FC'C  Metal  and  Alloy  Crystals 

4)  Radiation  Damage  of  FCC  Metals 

5)  Positron  Annihilation  in  Metals 

Structural  Metallurgy  Laboratory 

F’rofessor:  M.  Adachi 
Assistant:  S.  Kikuchi 
Assistant:  J.Takada 

1)  Deformation  Mechanism  of  Al  and  its  Alloys  at  Elevated  Temperature 

2)  Deformation  Mechanism  of  Cu  and  its  Alloys  at  Elevated  Temperature 

3)  Mechanism  of  Superplasticity 

4)  Mechanism  of  Dispersion  Strengthening 

Science  of  Steels  Laboratory 

Professor:  1.  Tamura 
Assistant  Professor:  T.  Maki 
Assistant:  S.  Fujiwara 

1)  Martensitic  Transformation  and  Morphology  of  Ferrous  Martensite 

2)  Thermo-Mechanical  Treatment  and  Transformation-Induced  Plasticity  of  Steels 

3)  Relation  between  Metallographic  Morphology  and  F racture  of  Steels 

4)  Precipitation  Behaviours  (including  Spinodal  Decomposition)  and  their  Strengthening  Effects  in  Steels 

5)  Structure  and  Mechanical  Properties  of  Rapid  Free/ed  Steels 

6)  Strength  and  Ductility  of  Steels  with  Duplex  Structure  of  Two  F’hases 

Foundry  Technology  Laboratory 

Professor;  R.  C>/aki 
Assistant  F’rofessor:  FF.  Shingu 
Assistant:  T.  Sawamoto 
Assistant:  K.  Kobayashi 

1)  Crystallographic  Studies  on  the  Nucication  and  Clrowth  of  Metal  Crystals 

2)  Studies  on  the  Metallic  Amorphous  Structures  and  their  Formation  and  Stability 

3)  Studies  on  the  Nucleation  of  Eutectic  Solidification  Reaction 

4)  Studies  on  the  Influences  of  Annealing  Environments  on  theCiraphiti/ation  of  White  C'ast  Iron 

5)  Studies  on  the  FFeat  and  Solute  Distribution  during  Solidification  of  Ingots 

6)  Structures  of  Metals  and  Alloys  Splat  Cooled  from  1 iquid  State 
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Ml'tiil  /‘In  sus  / tihoraiorv 


I’rolcssin : ^ , Nakaimiiii 
Assisiaiit  I’roICNsor:  i . i MichiJa 
AssiMam:  M.  Shjj;a 
Assisiani:  K.  Siiiiiiyaina 


1) 

2) 
}) 

4) 

5) 


Magnetic  I’lDpcriics  ol  Invar  Allvvys 
Magnciovoliimc  IUccis  in  Mapnoiic  Alloys 

• iinh  Intel  inoiallict'onipounils  w iih  C'lihie  I aves  Phase 
NMK  Siiiilies  ol  I ransiiion  Meial  Silieiiles  anil  Sniphiiles 
Mosshaner  Stuilies  ol  Magnetic  Alloys 


••  eA///;,e  / riiiiturnni;  I tihoruiorv 

Prolessor:  M.  Mi/uno 
Assisiani:  A.Oisnki 
Assisiani:  \ . l omii 


1)  Kelaiion  ol  Weliling  C oiuliiions  to  Porosity  in  \\  clJ  Metal 

2)  Investigation  ol  lloiA'iacking  in  Meiliinn  Sirengih  Aliiininiini  Alloys 
.')  Age  llarilening  ol  Vk'elils  in  Meiliiiin  Strength  AI-/n-Mg  Alloys 

4)  l inhrittleinent  ol'Soliil  Metals  hy  I ii|iiiil  Metals 

5)  Oecarhiiri/ation  Mechanisni  in  I ovv  Alloy  Steel  W elils 
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RKSKARC'H  ACTIVI  riKS  IN  DKPARTMKN T OF  IV1KrAI  J.llR(;Y 

Iron  Mciulliir!’}'  lnhoralor  v 

Prol'essor:  I'.  Mori 
Assisiaiii  Professor;  H.  Ichise 
I celurer:  A.  Morooka 
Assisiani:  M.  Iwase 


1 ) Siuilics  on  cmf  Mcasiireinonts  by  Means  of  Solid  I- leeirolyte 

2)  Aeiiviiy  Measureinenis  of  Iron  Alloys  by  Knndsen  C'ell-Mass  Speeiroineiry 

3)  Deoxidaiion  of  I iquid  Iron  by  C'oinplex  Deoxidizers 

4)  l-'nndainenial  Studies  on  Gaseous  Desulpluiri/aiion  from  Slaps 

Son  ferrous  Metallurgy  l.ahoraiory 

Professor:  .1.  Moriyama 
Assistant  Professor:  K.  Ono 
Assistant:  1.  Gishi 

1)  I hermodynamie  Studies  on  Sulphides  by  C al  ' Solid  F leet  roly  te  Galsanie  Cells 

2)  Thermodynamic  Studies  on  the  Systems  of  Nb-Mo-C-O,  Nb-W'-C-O  and  Nb- Ti-C-O 

3)  Studies  on  Phase  Relationsiiips  and  rhermodyiiamics  in  the  Cu-le-O-SiO  System  at  l lesatcd 
Temperature 

Electrotneiallurgy  L ahoratory 

Professor:  H.  Majima 
Assistant  Professor:  M.  Kurachi 
Assistant:  K.  Matsuda 
Assistant:  Y.  Awaktira 

1)  Leaching  Mechanisms  of  Metal  Sulphides  and  Metal  Oxides 

2)  Recovery  of  Metals  from  Aqueous  Solutions 

3)  Electrorefining  and  Electrowinning  of  Metals  at  High  Current  Density 

4)  Elecirocrystalli/ation  and  Electrochemical  Dissolution  of  the  Alloys  Containing  Intermetallic  Com- 
pounds 

5)  Thermodynamics  of  Concentrated  Aqueous  Solutions  Rased  on  the  Hydrated  Crystals 

6)  Waste  Water  Treatment  in  Metallurgical  Industries 

Science  of  Metallic  Materials  Laboratory 


/ oiiiuh  i \ 1 iit'nniioi  y 
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A'<MNt.u»i  I’li'lossi'i;  N Kawuno 
\sM\uuir  N liu'vaiua 


ShulK-son»  oima..onaiulSi,u.iuu-sorSpluMoulaUiuipluic.nluM.  raihun  Allovs  ^ ^ ^ 

Rolaiionslnp  bi-iwocn  iIk-  I'hyxi'.al.  I licinnKhnaimc  I'lopi-iiiCN  ot  C asi  lioii  Mill,  iln  l.iapluii/aiu 
oiCiiaphito  I oinu'U'asi  Ill'll  aiulilii- Impmiiii-' 111  Kii"  , ,,  , ,,  , , 

Soliilituaiii'ii  Mcl■llalllMll^  nl  ilic  Sphcioiilal.  I uuviii.  I laki- 1 liaplim-  C aM  lll'n^  ami  W Inio  C .im  lu'n 

Mivliauisiiu'l  ilii-<.iiapliiu/aiioiii't  k'i'iiii'iiiiii’i'''l'i‘^ 

loiiipi-iauiicl)cpi-iiili-iiicamlManiii-iii  l*u>piitii-'>i'l  ilicSplicioKlaU.iapliiii-k  axi  lion 
W 01  kiiiK  l iii  iioiimi'in  o!  Hu- 1 oiimliy  Shop  aiul  iln- 1 avoiii  on  t '.ioiipmn  the  Small  I onmliy  Shops 


/V(><vv'  Mt'htHuray  I tthoriuorv 


I’loli’s'Oi:  N . Koiiilo 
Assi'iani  rii'tos'oi:  / Asai 
AsMsiani:  Mam 

AsmM.iiii:  a.  laiialv 


1) 

2) 
M 
4) 

6) 


kiiiftii's  ol  I liiiili/i'ii  Ill'll  koasliiifiol  /nil' Sill  I nil' 
kinctii'  orOvnlalion  ol  lion  Sul  lull' 

Moili'lhnu  Siiiihi's  on  ilu- 1 lash  Sini'hnin  I’loi'i'ss 

'iimhfson  ihi'Si'nii'Kaiion  I'loii'ssoll  aiiMiiK  Niiki'Ulii's  , •...i,  . i..  v;,„ 

Sinihi's  on  ihi-  Nauiial  fonsi'iiion  ami  Mass  1 lanslci  oH  ii  Ion  ni-ai  ihc  \ i-ilual  ( oppu  C aihoili  Sni 


I an' 

Simhi's  on  ihi'  An  Oxiilation  ol  I i'  Ion 


KMISIIU  INSl  ini  l KOK  I K.(  HN0l,0(;V 


kMisItu  Insiiiiito  Hi  I otliiiolHgy  ii)  lohaia,  Kiiakyiishu,  was  I'ouiKicil  some  sixty  years  ago  as  a prnaie 
selu'ol  aiul  bceaine  a National  lliiixcrsity  iti  I he  goal  of  the  sehirol  is  to  proiliiee  ‘‘getitlemeii  piol'i 

eient  m teehnol,ogy  ’',  anil  the  professors  eneontitereil  on  this  \ isit  w ere  eertainly  just  that. 

1 he  piineipal  host  was  I’rofessor  1 . Owaiiano,  an  olil  “pen  pal"  from  the  days  of  east  iron  graphiii/;i 
tion  studies  at  NKI  . Ills  special  interest  has  been  the  kinetics  of  second  stage  graphiii/aiion  of  black  heaii 
malleable  (Imono,  46.  110,  1474;  4.^,  144.  147.4;  46,  S.44,  1474),  spheroidal  giaphite  dnciile  iion  (Imono, 
44.  46,  1472;  4.4.  21.  |4'4;  46.  4,  1474;  46,  I 10.  1474;  47,  414.  147.4;  4.S’.  .46.4.  1476;  I rans.  .IlM,  /6.  664. 
1474)  ,tiul  gray  cast  iion  (Imono  46.  .447.  1474).  1 he  piineipal  findings  of  these  iniesiigaiions  are  as 
follows; 

1)  I he  second  si;tge  graphni/aiion  rales  from  both  austenite  and  fiom  pearliie  (diieci  and  mdiieci 
graphiii/ation  reactions)  .ire  dependent  on  the  tale  of  diffusion  of  carbon  through  feirite.  accoidiiig  to 
Owadaiio.  and  the  tales  of  the  two  leaciions  are  about  the  same  in  the  same  black  heart  malleable  cast 
iron. 

2)  I he  graphite  noilule  number  per  unit  \ohmie  is  related  to  the  miinbei  per  unit  area  by  the  expression 
(n  6 \'^)  ■ (a  N,^)'  '.  where  V is  the  \olunie  fraction  of  giapinie  in  the  iron  and  o is  a factor  depen 

dent  on  the  disiribuiioti  noilules.  I he  itihie  of  a ' ' i at  ies  between  I anil  1.4.  I he  expression  ap|i|ies  to  both 
spheroidal  graphite  and  malleable  cast  it  oils. 

4)  Hie  time  to  ferriii/e  a cast  non  is  inversely  propoiiional  to  the  nodule  number.  Nv ' 4 or  N y.  I he  ef- 
fect of  nodule  number  in  spheroidal  cast  irons  becomes  less  as  the  lempeiaiure  of  graphiti/aiion  is  lowered. 
In  all  cases  incieased  Si  conceiiiraiion  increases  the  rate  of  riMciion. 

4)  I'orging  of  spheioidal  graphite  irons  increases  the  rate  of  isoiheimal  ferrili/aiion.  inesumablv  by  in 
creasing  the  graphite  surface  aiea  per  unit  colunie  of  iron.  1 his  appear  s to  coiiiradici  the  eat  her  conchisioii 
that  diffusion  through  ferrite  is  conirolling. 

4)  Isothermal  ferriii/aiion  in  gray  cast  irons  is  slower  than  in  spheroid.il  iron  or  in  black  hcai  1 malleable. 
Owadano  attributes  this  to  the  effects  of  composition. 

6)  The  growth  rale  of  ferrite  during  second  stage  .graphiii/aiion  increases  with  Mn  and  Si  conieiii. 
However,  the  rale  decreases  as  the  Mn  conceniration  in  spheroidal  and  black  heart  malleable  exceeds  about 
0.2  perceiii.  .•\pparenily  a fixed  sulfur  conieni  is  assumed. 

7)  l erriii/ation  in  spheroidal  cast  iron  varies  with  the  Si  and  Mn  present  and  upon  the  lineai  coolin.e 
rale.  I lie  ferrili/aiion  by  the  direct  gr;iphiii/aiioii  of  aiisieniie  is  proportional  10  the  degree  of  undercool 
ing. 

8)  In  isolhernial  aiisieni/aiion  of  spheroidal  iron,  increasing  the  lemperaiiire  and  graphite  nodule 
niimber  increases  the  rale. 

Stress  relief  in  ductile  iron  depends  on  the  annealing  lempeiaiure  and  time  rather  than  on  the  magnitude 
of  the  initial  stress,  according  10  Owadano  (see  .Ir.  .lapan  l ouiiilryniens  Soc.  .'/.  I,  14.44).  The  residual 
stress  in  castings  may  be  reduced  by  use  of  self-chilling  fins  (.l.ll'S, 1 . 1461).  I'lie  generation  of  iesidu.il 
stresses  in  bron/e  castings  has  also  been  siudieil  (.1.11  S. 1,  1461).  .Anolher  paper  (.1.11  S,  .'4,  I,  146"')  af- 
firms that  annealing  temperature  and  time,  not  initial  stress,  are  conirolling  for  stress  relief  in  cast  steel, 
gray  cast  iron  and  diiclile  cast  iron.  Mie  effects  of  chemical  composition  of  iron  castings  on  residual  stress 
generation  is  considered  in  .I.II  S .42,  1,  1460.  Silicon  reduces  residual  stress  up  to  a level  of  4.8  peiceni. 
Phosphorus  increases  residual  stress  slightly 

Owadano  has  also  studied  solid-lii|uid  diffusion  in  the  l e-,\l,  .M-C'n  and  .M-Zii  systems.  Such  diffusion 
lakes  place  when,  for  example,  iron  is  di(vped  into  liiiiiid  aluminum. 

,\  eurreni  study  on  the  wear  of  cast  iron  involves  use  of  an  electron  beam  to  renielt  spots  on  the  sui  face, 
thus  prodiieing  a punciiform  array  of  hardened  spots.  Studies  of  the  fracture  toughness  of  giay  cast  iron 
and  other  irons  are  also  underway.  I hus  deierniinaiions  of  .l|.  and  K|..  are  being  made.  I'liese  new  studies 
are  sirengihened  by  Owadano's  knowledge  gained  dining  a sabbatical  leave  at  I ehigh  I'niveisiiy  in 
1464-64.  Owadano  eoiiiribuied  to  the  Second  International  Symposium  on  the  Meialluigy  of  C ast  Iron  at 
(ieneva  in  1474,  and  is  otherwise  recogni/ed  inlet  nationally  . 
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Discussions  were  held  also  with  Professor  S.  Mukue  who  is  involved  in  welding  nielulhirgy.  The  major 
inieresi  of  Mukae,  who  studied  in  the  Civil  hngineerittg  Departinetit  at  University  of  Illinois  during  the 
l%7-68  school  year,  is  in  the  heat  affected  /one  (UA/)  of  welds  in  steel  and  aluminum  alloys,  and  how  the 
grain  si/e  in  these  HAZ  /ones  can  be  reduced  or  cotitrolled.  The  belief  is  that  the  strength  and  fracture 
toughness  of  welds  is  largely  determined  by  the  microstructure  and  in  particular  the  grain  si/e  of  the  weld 
metal  and  HAZ.  /ones.  One  approach  is  the  additiott  of  Ti,  Z.r  and  Nb  metal  to  the  base  steel,  Ihere  is  no 
study  of  electron  beam  welding  at  this  time. 

Professor  K.  Takahashi  is  interested  in  the  fundamentals  of  fatigue,  in  particular  the  dislocation  struc- 
ture induced  by  fatigue.  He  is  studying  cell  formation  in  .Al,  Cu  and  l e-,1  Si  alloy  during  bending  fatigue. 
Tor  general  background  see  JSME,  /6,  161,  197,T 

The  visit  concluded  with  a conversation  with  Dr.  M.  Konomi,  President  of  the  Kyushu  Institute  of 
Technology.  Dr.  Konomi  stated  that  he  was  pleased  that  a representative  of  ONR  had  visited  KIT  and  that 
he  hoped  such  interchanges  would  become  customary. 


kVl'SHl'  l'M\  KKSI  I N 


I Ik’  Dcp.ii mu‘ni>  I'l  M.iii’ii.iK  Sciciki'  .iiul  1 >.'».'htioU'i:> . NucliMt  l ujiiiiocrini:  and  Iron  and  Siccl 
• \lcialluij;\  at  k\u\lrn  Unocisiu  in  I iikuoka  arc  ccnaml>  ccnicis  ol  excellence  lor  maierials  research  and 

enemeenni;.  I’tolessoi  1 I eiichi  ol  ihe  MaieiiaK  Science  and  I nemeerinj:  Depariineni  was  principal  hosi 
on  iliis  visit.  1 guchi  heads  a irionp  (k()/.\)  suulvnit:  the  phvsics  ol  nieials  anil  allovs.  Ihe  group  was 
loiineilv  aitached  lo  the  Depariineni  ol  lion  and  Steel  Meialluigs,  hui  in  May  1976  there  was  a move  lo 
the  new  depaiimeni.  In  advhiion  lo  I guchi,  iheie  are  in  the  gioup  Associate  I’rolessor  k.  Oki,  Research 
\ssociaie  > I omokivo  and  giadiiaie  siudenis. 

I’lolessoi  I gnchi  is  an  inieiesimg  peison  with  a cimous  hackground  lor  a materials  specialist.  He  began 
as  a iheoieiical  phvsicisi  and  spent  ihe  veais  1954  and  1955  as  a Senior  Scieniisi  ai  the  Insiiiuie  for  .Aiomic 
Reseaich  ai  the  Iowa  State  I'niveisnv  ai  Ames,  siudving  mesons  and  high  energy  phvsics.  .Ai  aboni  the 
same  lime  he  woiked  with  I’lolessvu  1 ly  of  ihe  Uni'eisiiv  of  f 'hicago.  During  earlier  years  he  was  an  ex- 
change giadiiaie  siudeni  (I95(t  1952)  and  .in  exchange  Assisiaiii  I’lofessor  ( 195 1 - 1952)  ai  lowaSiate.  After 
leiuimng  lo  l.ip.m  he  moved  mio  solid  state  physics  and  from  there  lo  theoretical  metallurgy  and  finalK 
experimeni.il  metalhiigv.  I Ins  dismal  slide  (from  a phvsicisi's  eves)  was  prompted  by  governmenial  and 
managerial  piessuies  for  less  iheoieiical  physics  and  mote  ‘‘piaciicar’  research.  Hut  I guchi  seems  content 
and  his  phvsics  b.ickgiouiul  strengthens  his  work  in  meiallurgv . 

One  of  1 giichi's  jovs  is  a new  high  voltage  electron  microscope  (.II•M•I(X)()).  I his  microscopic  reaches 
_ 1 .5  million  volts  controllable  in  1' steps  at  10  Mon  vv iih  a siabiliiv  ivf  lO'V  I he  .11-01  microscope  is  stable 

' with  respect  to  voltage,  current  and  mechanics,  and  lattice  images  of  two  angstroms  can  be  seen.  In  addi- 

tion. stress  and  temperature  are  controllable  on  the  various  microscope  stages.  .A  cold  stage  is  available  to 
; 1 20“'(  and  a hot  stage  to  KXX' A "supercold"  liltable  stage  reaches  temperaiute  of  20''k.  ivnd  permits 

‘ lire  specimen  to  be  stressed  smnilianeouslv . A system  is  being  planned  which  will  reach  2‘'-4‘'k;  this  will  be 

1 used  lor  supeicotrductiv itv  experitnetiis  in  which  the  magnetic  flux  cati  also  be  observed.  I he  microscope  is 

controlled  In  I’lofessor  I guchi.  but  is  at  present  used  by  many  depariments  involved  in  sixteen  projects. 
Although  microscope  and  building  (at  approximate  SI  million  cost)  were  installed  as  recently  as  October 
I9''6.  several  investigations  have  been  completed  and  several  papers  were  scheduled  for  the  Kyoto  Intertra- 
tional  Conference  of  High  1 ireigy  l lectron  Microscopy  August  19''.  Two  papers  weie  also  scheduled  for 
the  Conference  on  Order- Disorder  in  Solids  in  Paris,  .lulv . 1977. 

A briel  description  of  some  projects  currentlv  underwav  which  involve  useof  the  microscope  follow  : 

1)  Nb-/r  - attempts  are  being  made  to  correlate  the  boundaries  between  different  phases  with  radiation 
damage. 

2)  1 e-.\l  - Studies  of  order  ing  and  spinodal  decomposition  are  being  made. 

.1)  Cir  t o and  Cu-.AI  (-ihase  Iransformations.  short  lange  ordering  and  precipitation  processes  are  being 
studied. 

4)  Ctiiical  voltage  effects  in  Cu-.AI  and  Cu-.\u  allovs  - at  certain  wave  lengths  of  the  electrons,  some 
spots  and  lines  disappear.  This  iv  related  to  the  l ouriei  component  of  the  periodic  potential  in  metals  and 
alloys.  It  is  hoped  to  determine  this  l ourier  component  of  peiiodic  potential  by  observing  the  voltage  pro- 
duced by  the  electron  tnicroscope  where  the  spots  atidjines  vanish.  The  ctiiical  voltage  effect  is  used  to 
determine  the  structure  factor.  The  l ourier  componenf.  incidentally,  is  dependent  on  alloy  composition, 
rite  microscope  permits  voltage  to  be  changed  essetitially  coniimiously. 

5)  Correlations  between  magnetic  domain  boundary  structure  and  the  normal  structure  (lattice  defects. 
Itrecipitates,  etc.).  This  work  is  being  done  on  Cu-Mn-.Al  alloys. 

6)  Study  of  hydrogen  embrittlement  mechanistns  iti  metals. 

7)  Study  ol  ladiatiott  damage  in  iron  and  iron  allovs. 

8)  Plasticity  mechanistns  in  tnetal  crystals  radiated  by  electrons. 

9)  Aging  mechanisms  in  dental  alloys. 

Many  of  these  projects  are  supported  by  the  Ministry  of  I'ducation,  which  also  bought  the  new 
microscope. 
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1 he  woik  ol  I giielii’s  KO/'\  iiuoIm-s  vsciieiiilly  siuitic\  of  aiomie  aiiangeiuenis  aiul  icaiiangemcnis  in 
hmai  V alloys  of  lo.  to.  fu  aiul  Al.  I Ik*  alloys  of  lo  k iih  to  arc  csniipatcil.  for  example,  w iili  lire  alloys  of 
I e anil  \l;  ituis  alloys  of  iron  vsiih  a sir  oiigly  ferromagtieite  meial  (t  o)  are  eomiuteil  lo  alloys  of  I e « iih  a 
non  inagneiie  rneial  ( Al).  l ire  effeels  of  long  range  order  irn  ihese  alloys  is  rite  other  \anahle. 

Snntlaily,  alloys  of  t'n  \siih  a strongly  magnetie  ineial  (t  o)  are  eompared  lo  alloys  of  fu  \Mih  a iron- 
magneiie  ineial  (.M),  and  (he  effects  of  shori  range  order  and  pieci|siiaiion  are  observed.  1 he  puipitse  of 
itiese  exiveiimenis  is  to  correlate  atomic  arrangements  w iih  magnetic  properties. 

It  has  been  found  that  in  f u t'o  alloys  fo  atoms  enier  solid  solution  at  7(K)“f  but  piecii’iiate  at  room 
lempeiaiure,  which  causes  the  alloy  (o  become  magnetic.  lire  si/e  distribution  of  fo  panicles  can  be 
esiimaied  from  lire  magiieiic  properties,  but  the  electron  microscope  is  favored  to  make  direct 
measurements  to  support  theoretical  analyses. 

Iti  f u .M  alloys  the  electrical  resistance,  specific  heat,  lattice  constant  and  hardness  vary  with  short- 
range  otder.  .Again  \-ray  analysis  of  short  range  order  is  dotie,  but  the  electron,  tnicroscope  provides 
direct  observaiioti. 

1 he  tools  tiiost  used  by  I guchi’s  k()/.\  are: 

(1)  electron  diffraction 

(2)  Mossbauet  spectroscopy  for  tnagnetic  atialy  sis 

(.M  .Sensitive  nragnetometer  (made  in-house) 

(4)  high  accuracy  measuremetit  of  electrical  resistivity 

(.')  specific  heat  measuremetit 

(6)  eleciroti  tnicroscope  observations  at  250  k\'  and  1 250  k\'  and 

(7)  computer  analysis 

l urther  details  oti  these  studies  are  given  iti  several  publications.  See  trans.  .IIM  12,  390.  1971;  14.  8, 
19^3;  14.  91.  1973;  /5.  39,  1974;  15.  143,  1974;  15.  338,  1974,  16,  489,  1975  and  IS,  87.  1977,  Also  see 
lapatiese  .lournal  of  App.  Physics,  12,  1522,  1973  atid  l.l,  753,  1974.  (7tie  paper  on  ferromagtietism  and 
ordering  in  I'e-fo  alloys  is  published  in  ll'l  l-  Trans  on  Magnetics,  1968.  .-All  referetices  cited  are  in 
Tiiglish. 

Professor  'I'ouichi  Tokutiaga  of  the  Oepartmetit  of  Iron  and  Steel  Metallurgy  is  tryitig  to  develop  new 
tnaraging  steels  with  ulira-hi^h  siretigth.  The  precipitatioti  reaciiotis  are  being  motiitored  using 
measurements  of  specific  heal,  internal  friction,  hardness  and  dilaiomeiry.  Repetitive  low  temperature  ag- 
ing is  the  approach  at  presetii,  and  maraging  steels  with  200  kg  mm’  have  been  produced.  The  basis  of  this 
work  is  described  in  1S1.I.  33.  254,  1969,  34.  234,  1970.37,  1330,  1973  and  in  Trans.  .IIM,  12,250,  1971. 

lokunaga  and  his  associates  have  also  studied  powder  metallurgy  problems  involving  abnormal  brit- 
tleness of  high  density  sintered  iron  (see  .lournal  .lapan  Society  of  Powder  and  Powder  Metallurgy,  16, 
(1969),  266.  It  was  observed  that  sintered  iron  powder  specimens  under  impact  stress  rupture  easily  at  the 
grain  boundaries  at  the  unique  density  of  7.0  g cm'  (a  minimum  in  energy  absorption  of  C'harpy  specimens 
is  observed  at  this  density).  Tokunaga  concludes  that  the  7.0  g cm'  dip  may  be  caused  by  oxygen  at  the 
grain  boundaries  of  commerciallv  pure  iron  powder.  The  anamolous  behavior  is  subdued  if  carbon  is 
added. 

Professor  Hideo  Yoshinaga  is  an  interesting  and  rather  unusual  case  of  a transfer  from  one  university 
( Tohoku  llniversiiy)  to  another  (kyushu  llniversity)  at  a mature  stage  of  his  career.  Me  described  work 
done  at  both  institutions.  One  area  of  research  is  the  dislocation  dynamics  of  solute  hardened  metals  at 
high  temperatures.  Yoshinaga  argues  that  there  is  a plastic  instability  at  intermediate  temperatures.  The 
solute  atom  atmosphere  around  a moving  dislocation,  which  produces  a dragging  stress,  may  decrease  in 
si/e  and  density  as  the  velocity  of  the  dislocation  increases.  This  may  produce  serrated  flow.  The  earlier 
wivrk  is  described  in  Philosophical  Magazine.  23,  1351 , Id"? | , 

Another  of  Yoshinaga’s  studies  involves  the  deformation  mechanisms  in  hexagonal  materials.  The  main 
difference  between  hexagonal  metals  and  cubic  metals  is  the  basal  slip  pnveess.  .A  metal  cannot  deform 
homogeneously  through  basal  slip  alone;  therefore,  the  plastic  deformation  in  polycrysialline  metals 
should  be  limited.  Movvever.  in  practice  hexagimal  metals  deform  in  unlimited  amounts  at  high 
temperature.  Therefore,  another  slip  mechanisms  is  suspected.  To  investigate  this,  Yivshinaga  stressed 
single  crystals  in  compression  normal  to  the  basal  plane  (no  basal  slip).  -Yt  low  temperatures  only  twiir 
deformation  was  seen,  but  at  higher  temperature  slip  on  pyramidal  planes  was  observed,  and  this  was  seen 
as  proof  of  a change  in  mechanism  with  temperature.  This  work  is  described  in  greater  detail  in  Materials 
Science  and  Pngineering  12.  255.  1973;  Acta  Met.  21,  845,  1973  and  Trans.  .MM,  /7,  i()2.  Peb.  1976  and 
17.  559,  Sept.  1976. 

Studies  of  the  thinning  of  the  Ciroup  Va  metals  V,  Nb  and  Ta  have  shown  that  there  is  no  hydrogen  pick- 
up from  electrochemical  and  chemical  thinning.  Spark  cutting  iir  kerosene  produces  no  hydrogen  pick-up 
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in  \’  and  Nb,  bin  Ta  picks  up  as  much  as  KKK)  ppm.  NN’ct  wheel  culling  iniroduces  seseral  ppm  ol  hvdrogen 
mU)  all  three  metals,  blecirolyiic  thinning  of  V single  crystals  may  precipitate  hydrides.  Ihis  work  is 
described  in  1 rans  .MM, /7,  551,  1976. 

Currently  Yoshinaga  is  surveying  the  mechanisms  ol  deformation  in  metals  and  alloys.  The  basic  ques- 
tion IS  whether  there  is  a fundamental  difference  in  the  deformation  of  pure  metals  as  contrasted  to  solid 
solutions.  Yoshinaga  concludes  that  there  is  a difference  at  high  temperature,  although  this  is  widels  dis- 
puted (esp.  by  Nix  at  Stanford).  Yoshinaga  reports  that  the  flow  resistance  of  pure  metals  is  determined 
by  the  internal  stresses,  that  the  dislocations  move  disconiinuously  in  free  Might.  In  solid  solutions  the 
dislocations  glide  through  viscous  motion.  .>\t  present  there  is  an  attempt  to  prove  this  experimentally  by 
comparison  of  Mow  velocity  just  after  siresr  relaxation.  In  free  flight  motion  (pure  metals)  the  Mow  \elocity 
should  respond  to  stress  relaxation,  but  in  viscous  motion  (solid  solutions)  the  flow  velocity  should  reimiiii 
unchanged. 

,‘\  project  is  beginning  on  the  developtnent  of  high  tetnperature  ceramic-metal  alloys  through  powder 
metallurgy,  l or  example,  composite  tnaterials  of  50-50  TiC-Mo  are  under  study  for  possible  applications 
in  heat  exchangers  for  high  temperature  gas-cooled  reactors.  1 he  sersice  tetnperattiie  would  be  l(KK)°C 
which  is  beyond  the  limit  of  normal  refractory  materials. 

Professor  Y.  Mayashi  is  associated  with  the  Surface  Chemistry  of  Metals  Section  of  the  Department  of 
Iron  and  Steel  Metallurgy  and  he  is  engaged  in  studies  of  corrosioti  and  hydrogeti  embriitlemetit.  The 
specific  projects  are  described  below : 

(1)  Mechanical  properties  of  iron  and  steel  as  affected  by  hydrogen  iti  solutiott  - by  straitiing  specimens 
during  hydrogen  charging,  it  has  been  shown  that  the  Mow  stress  may  rise  or  fall.  Stress  relaxation  tna\  be 
observed  and  there  may  be  increased  plastic  deformation,  liven  in  the  elastic  region  high  chargitig  rates  of 
hydrogen  may  produce  plastic  defortnation  (in  pure  iroti  atid  iron-chromiimi  alloys),  lixamittations  b\ 
electron  micro.scopy  show  a hydrogeti-rich  /otte  at  the  grain  boundaries,  predomitiantly  oti  otie  side  of  the 
grain. 

(2)  Electrochemical  evolution  of  hydrogen  on  steel  surfaces  atid  entratice  into  the  steel  ■ this  is  primarily 
a study  of  the  effects  of  poisons  such  as  As  in  H.-SO^  electrolyte.  The  presetice  of  arsenic  increases  the  rate 
of  hydrogen  permeation  by  a factor  of  20  at  the  same  current. 

Hayashi  has  concluded  that  a thin  layer  of  amorphous  arsenic  is  deposited  on  the  invi  surface. 
Hydrogen  is  adsorbed  on  the  arsenic  surface  attd  theji  enters  the  iron;  the  arsenic  is  a stepping  stone.  .At 
sufficient  poleniial.  As  H,  gas  is  formed. 

(3)  Interaction  of  hydrogen  with  stacking  faults  in  nickel  base  alloys  - the  stacking  fault  etiergy  of  Ni 
and  Ni-Cu  alloys  is  decreased  by  hydrogen  in  solution,  because  the  electrons  of  hydrogen  go  into  the 
d-band. 

(4)  Hydrogen  permeation  - the  interest  is  in  the  effects  of  alloying  elements  on  permeation  of  hydrogen 
in  dilute  solutions.  Trapping  of  hydrogen  decreases  diffusivity  and  increases  soliibility.  Order-disorder 
transformations  affect  the  hydrogen  permeation  in  the  .'I’Uiys  Ee  .Al,  Ee.  Al,  Ni,  Ee  atid  Ni,  Mn.  Ordering 
increases  permeation  rates  in  Ee,  Al  and  Ni,  Ee,  but  the  reverse  effect  is  seen  w ith  Ni,  Mn. 

All  of  the  work  described  by  Hayashi  is  incomplete  and  has  not  yet  been  published. 

Professor  K.  Matsuda  svho  heads  the  Casting  and  Welding  Section  of  the  Department  of  Iron  and  Steel 
Metallurgy  was  away  on  the  day  of  the  visit,  but  conversations  were  held  with  Associate  Professor  Keisaku 
“Cast  Iron"  Ohge.  One  current  study  is  on  solidification.  Fluid  flow  is  one  interest  in  this  area,  with  ex- 
periments underway  on  the  Muid  Mow  of  aluminum  alloys  in  a rotating  magnetic  field.  Directional 
solidification  and  eutectic  giowth  in  high-chromium  cast  irons  are  also  of  interest.  Current  experitnetits  in- 
volve interrupted  solidification  with  subsequent  study  of  the  distribution  of  elements  tiear  the  liquid-solid 
interface.  Analyses  are  being  done  with  the  electron  microprobe  and  other  microanalytical  techniques. 

Yhe  alloys  under  study  contain  15  to  30  percent  Cr  in  pure  Fe-Cr-C  alloys.  The  alloys  are  hypoeutectic. 
i containing  about  3.4  percent  C.  The  ffee/ing  range  varies  with  the  concentration  of  chromium.  In  additioti 

to  studies  of  segregation  at  the  solidification  front,  the  distribution  of  Cr  in  the  eutectic  cells  is  under 
study. 

The  purpose  of  studying  the  high-Cr  cast  irons  is  to  develop  better  wear  atid  abrasion  resistant  irons.  I'lie 
irons  develop  high  hardness,  and  an  improved  ductility  is  being  sought  without  lowering  hardtiess.  The 
belief  is  that  this  can  be  done  by  control  of  the  eutectic  and  matrix  structure. 

' The  thermal  fatigue  properties  of  the  high-Cr  irons  are  also  of  interest,  and  studies  of  crack  growth  In- 

thermal  fatigue  are  underway.  There  are  also  torsion  tests  at  temperature  to  1(KX)°C  being  cotiducted  iti 
another  department. 

Professor  Sadakichi  Kitajima  of  the  Material  Science  and  Nuclear  Engitieering  I'aculties  is  prominent  in 
studies  of  nlasticity,  stress  corrosioti  cracking  and  surface  effects.  His  work  on  the  corrosion  fatigue  of 
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auMenilic  siainUrss  sieel  shows  ihai  a square  stress  wave  is  le-s  injurious  itian  a saw-tooth  stress  wave.  I his 
is  viewed  as  evideiiee  that  the  corrosive  ellects  ate  most  severe  under  increasitig  stress  where  there  is  a con- 
tinuous formation  of  new  slip  bands  and  therefrom  fresh  and  clean  metal  surface. 

Kitajima  believes  that  microscopic  strain  rate  is  controlled  mainly  by  the  rate  of  slip-band  formation 
rather  than  the  velocity  ol  dislocatiotts.  I o test  this  he  has  studied  single  crystals  of  copper  irradiated  vviih 
neutrons  to  prevetit  movement  ol  dislocations.  He  then  detormed  the  copper  crystals  at  various  strain  rates 
and  found  a direct  correlation  between  the  deformation  rate  and  the  number  of  slip  bands  produced,  finis 
the  dislocation  velocity  model  is  suspect  because  dislocations  were  not  moving  in  this  case,  .•\ccording  to 
Kitajima  it  is  the  moving  dislocation  density  which  is  the  controlling  factor,  not  the  dislocation  velocitv. 
This  work  to  clarify  the  role  of  dislocation  density  on  crystal  plasticity  is  continuing. 

Kitajima  and  his  colleagues  have  developed  an  interestitig  means  of  producing  highly  perfect  copper 
crystals  (see  Jr.  C rystal  Cirow th  24  25  ( 1974)  521-526).  I he  method  involves  successiv e .10  minute  thermal 
cycles  between  1050°C  and  850°C . This  reduces  the  number  of  dislocations  without  forming  new  sub- 
boundaries and  old  sub-boundaries  are  also  broken  up.  Crystals  with  dislocation  densities  of  1 x 10'  m 
have  now  been  produced. 

The  production  ol  highly  perlect  single  crystals  ol  copper  is  uselul  in  studies  to  determine  surface  effects 
on  mechanical  behavior.  Surface  dislocations  are  more  mobile  than  dislocations  in  the  interioi.  fven 
belore  yield  surface  dislocations  elongate  and  prevent  the  motion  of  dislocations  from  an  interior  source. 
.•\n  edge  dislocation  emerging  on  the  surface  is  more  mobile  than  screw  dislocations.  Surface  dislocations 
pinned  by  o.xide,  however,  are  immobile  and  the  yield  force  is  determined  by  the  pin  force  of  Cu  ()  I ho 
work  is  discussed  in  pan  in  the  Proceedings  of  the  Conference  on  Surface  l-.ffects  in  Crystal  Plasticitv, 
September,  1975  at  the  NATO  .Advanced  Study  Institute  in  Germany. 

Kitajima  was  well  aware  of  the  work  on  surface  effects  of  Or.  1.  Kramer  of  NSROC-Annapolis  and  was 
most  complimentary. 

The  linal  discussions  were  with  .Associate  Professor  C'.  Kinoshita,  a brilliant  scientist  under  Kitajinta  and 
a former  student  of  Eguchi.  Kinoshita  is  studying  the  mechanisms  of  radiatioti  damage,  especially  the 
kitietic  behavior  ol  point  defects  produced  by  irradiation.  It  is  desired  to  measure  the  eticrgies  of  formation 
and  migration  of  vacancies  in  concentrated  alloys,  but  this  is  difficult.  The  high  voltage  electron 
microscope  (HVEM)  may  introduce  radiation  damage  itself  so  it  is  not  useful  to  determine  order 
parameters.  The  critical  voltage  efiect  gives  the  structure  parameter  but  not  the  order  parameter.  Kinoshita 
uses  the  thickness  fringe  because  the  extinction  of  dislocations  is  dependent  on  the  order  parameter.  The 
order  parameter  of  Fe,  Al  is  reported  to  be  itinueitced  by  high  voltage  electrotis  only,  and  the  order 
parameter  of  Cu.Au  by  electrons  at  all  voltages. 

Kinoshita  is  applying  these  methods  to  determine  the  rate  of  disorder  as  a function  of  orientation,  ac- 
celleraiing  voltage  and  order. 

Another  area  of  Kinoshita’s  work  involves  fusion  reactor  materials  in  the  Nb-Zr  system.  Zirconium 
forms  in  the  alloys  through  transformation.  The  studies  have  show  n so  far  that  the  Nb-Zr  phase  diagram  is 
very  sensitive  to  the  presence  of  oxygen.  The  studies  benefit  from  some  excellent  experimental  eqibpmetit 
and  skills.  For  example  an  ultra-high  vacuum  system  reaches  10' " torr  and  specimens  mav  be  annealed  at 
l(X)0°Cat  lO-’torr. 

Resistivity  measurements  may  be  made  to  an  accuracy  of  lO"  ohms  at  elevated  temperatures. 

In  summary,  there  are  many  highly  skilled,  competent  and  hard  working  itidividuals  engaged  in 
materials  science  and  engineering  at  Kyushu  University.  The  strength  in  basic  aspects  of  metallurgy  and 
solid  state  physics  is  unsurpassed. 
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Nagoya  Llniversiiy  is  one  ot  the  leading  technical  universities  in  science  and  engineering,  I'ormerly 
Nagoya  Imperial  University,  the  school  was  renamed  Nagoya  University  in  1947,  and  reorganized  in  1949 
under  a so-called  new  educational  system.  In  addition  to  science  and  engineering  there  are  postgraduate 
schools  of  l etters,  Education,  l.aw-,  Economics,  Medicitie  and  Agriculture.  At  present  there  are  also  four 
Research  Institutes  in  Lnvirotimental  Medicine,  Atmospherics,  Plasma  Physics  and  Water  Research.  An 
Institute  in  .Aeronautical  Medicine  was  abolished  in  1945  after  only  two  years’  existence,  obviously  a 
casualty  ol  the  war.  I he  industrial  and  center  city  ol  Nagoya  has  been  largely  rebuilt  since  the  war  and 
Nagoya  University  has  also  mostly  been  built  during  the  post-war  period. 

VV'ithin  the  Department  of  Metallurgical  Engineering,  there  are  several  research-teaching  units.  They  are 
Metal  Physics,  Non-Ferrous  Metallurgy,  F-'errous  Metallurgy,  Chemical  Metallurgy,  Welding  Metallurgy, 
Metal  Casting,  Analytical  Chemistry,  Metallic  Materials,  Process  Engineering  Metallurgy,  Reaction 
Engineering,  Solid  State  Physics,  F’lastic  Working  of  Metals  and  Strength  of  Metals.  Three  of  these  units 
were  visited  - Welding  Metallurgy,  Metal  F’hysics  and  Strength  of  Metals.  A lecture  on  “Stress-Corrosion 
Cracking  in  Some  High  Strength  Steels”  was  presented  to  a student  faculty  assembly. 

Professor  Isao  Masumoto  is  the  well-known  leader  of  the  Welding  Metallurgy  Group  and  Laboratory. 
The  group  itivestigates  welding  technology  with  emphasis  on  the  relation  of  mechanical  properties  to 
metallurgical  structure.  As  one  example  of  the  work,  methods  have  been  devised  to  improve  the  fatigue 
strength  of  welded  joints.  Galvanized  joitits  (after  welding)  should  be  quenched  to  improve  aging 
characteristics  and  the  residual  stress  pattern.  The  function  of  plastic  (epoxy  resin)  coatings  of  welds  in  im- 
proving resistatice  to  fatigue  has  been  shown  to  be  the  exclusion  of  moisture  and  oxygen  from  the  at- 
mosphere. 

Professor  Masumoto  and  his  colleagues  have  also  done  some  important  research  on  the  avoidance  of 
hot-cracking  in  weld  metal  and  in  the  welded  joint  of  steels.  The  important  finding  is  that  the  weld  metal 
should  solidify  w ithin  the  delta  ferrite  region  of  the  phase  diagram  peritectic,  to  avoid  sulfur  grain  bound- 
ary segregation.  Thus  there  are  limits  to  the  amounts  of  C.  S,  and  Ni  (and  to  the  Cr  in  austenitic  steels)  in 
order  to  avoid  hot  cracking.  The  threshold  values  have  been  specified  by  Masumoto  in  many  articles  over 
the  past  decade. 

Masumoto  and  colleagues  have  also  published  widely  on  electroslag  welding  (IIW  Doc  Xll-J-8-71),  and 
CO  Arc  Welding  (Welding  Journal  Res  Sup.  July,  1958,  IIW  Doc.  X1I-B-135-7.J).  Research  on  under- 
water welding  of  steel  and  electroslag  welding  of  aluminum  has  also  been  undertaken. 

Recently  computer  programs  for  the  critical  parameters  for  vvelding  by  electron  beam,  CO-  and 
submerged  arc  welding  processes  have  been  studied.  Another  area  of  current  interest  is  the  transfer  of  such 
metals  as  Ca,  La  and  Mg  in  the  arc  from  the  metal  wire  in  MIG  and  Ar-COj  weld  processes.  This  metal 
transfer  can  inlluence  the  ease  of  welding  and  the  properties  of  the  welds.  The  refrigeration  of  welds  to  im- 
prove properties  is  also  an  important  study  of  continuing  interest. 

In  the  study  of  strength  of  metals.  Professor  A.  Otsuka  concentrates  primarily  in  fracture  and  fatigue. 
His  studies  on  fracture  are  based  on  the  COD  concept  coupled  with  metallurgical  observations.  The  prob- 
lem addressed  is  the  fibrous  fracture  initiation  in  the  mixed  mode  loading  condition.  The  fracture  initiation 
from  a precrack  in  low  and  medium  strength  steel  occurs  by  fibrous  cracking  at  high  temperatures  and  by 
cleavage  cracking  at  low  temperatures.  The  transition  temperature  is  greatly  influenced  by  the  degree  of 
plastic  constraint. 

Otsuka  and  his  colleagues  define  the  transition  temperature  Ti  as  the  transition  in  fracture  mode  which  is 
accompanied  by  a large  change  in  toughness  ,A  steel  should  always  be  used  at  temperatures  above  Ti. 

At  temperatures  higher  than  Ti,  the  COD  (crack  opening  displacement)  at  fracture  initiation  (di) 
becomes  almost  constant,  showing  little  sensitivity  to  temperature,  specimen  geometry  or  loading  rate.  At 
temperatures  below  Ti,  di  is  sensitive  to  these  factors.  Therefore  Otsuka  defines  the  fracture  toughness  of 
low  and  medium  strength  steel  by  Ti  and  di.  The  transition  temperature  Ti  is  dependent  on  specimen  size, 
loading  rate,  etc.,  and  is  therefore  not  a material  constant.  The  crack  opening  displacement,  di,  is  a 
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» Ills  li  ilcl  Hies  t lie  s i II  ic.il  \ .line  ul  I I I HI  pl.iiie  sii  .1111,  .IS  lolloss  s 

.i.h.u  .1  o 

H lieie  .1  IS  ei.iek  leiipl li.  \\  is  s|ieeiiiieii  « isll li.  I-  is  > uiiiiv.’s  iiuhIiiIiis,  is  \ leUI  si i eii(;l li  .iiul  K is  i he  i .iiiu 
ill  ms'KI  siieiif’.lli  lu  iilliiii.ile  leiisile  siieii.i’.lli  I lie  i.iliu  ul  iihimiiiihii  leiisile  sneiiplli  lu  ih.imiiiiiiii  slie.ii 
s(i  eii.i'lh  (u^  iii.is  I iii.is)  IS  .ilsu  .11  .1  IH.IMIIIIIIII  vs  lien  I'Ll  lie  s|  1 .1111  IS  I e.u  liesi 

( hsiik.i  Hie.isiiies  vMili  SIM  .i  v .iliie  I'l  '■siteleli  /uiie  ileplh"  (S/I  >)  w hu  h is  .i  hi.imhhiih  .ii  ihe  puiiil  ul 
sl.ilie  1 1 .leliH  e.  I he  v .ihie  ul  S / 1 ) is  shuvilv  pi  upui  liuii.il  lu  ( ( >1 ) up  lu  I he  I i leiiipeiHliii  e ;ihu\e  vv  liieli  i he 
Huieh  1 ip  I ■(  'I  > iiieisMses  i .ipullv  w hile  the  pl.isiie  t 'OI  vs  huh  is  pi  upui  i luii.il  h'  S / 1).  hsvi'iiies  euiisi.iiil 

I hese  lesiihs  .ippeai  lu  he  iiiipui l.iiil  in  ihe  apphealiuii  i>l  s|iianlil.ilive  .iii.ilvlual  leehnu|iies  lu  su’els 
vs  huh  .lie  lu'l  iiui III. ills  ii.iel.ihle  U'  li.ieliiie  iiieehaiiies  leehiiuines  The  ssuik  ul  ( hsiik.i’s  piuiip  ss-eiiis  lu 
ullei  ihe  means  ul  iiieasiii iiip.  .i  iii.iieii.il  euiisi.nil.  hi.  sshieli  e.iii  he  a iiseliil  lunc.liiiess  nules  .is  well  as  .i 
Hieaiis  ul  li'-iei  mimii.i’,  Ihe  s .ihie  ul  I i ss  heie  pi. me  siiaiii  is  uhl.iiiiesl  I hi  ihei  slelaiK  uii  this  ssui  k is  (.nseii  iii 
1 iieiiieei iii.e,  I i.ieliiie  Meeh.mies,  \ HI  ",  p .Jl'),  l<)’^  aiul  iii  .i  p.ipei  hs  V Oisiik.i,  1 Mis.ii.i  .iiul 
S Nishmiiii.i  eiilillesi  "1  i.ieliiie  I uiie.lmess  aiul  the  l i.msiiiuii  iii  I i.ieime  liiili.ilusii  Muile  iii  I I'ss  .iiul 
MesliHiii  Siieiiplh  Sls'el"  ssliieh  was  ilehseieil  .il  ihe  liiieiii.iliuii.il  ( (Hileieiiee  s'li  I i.ielme  Mes  h.mus  .iiul 
I eehiu'lups  m lluiip  ki'iip.  M.iieli  I')’’"’. 

( llsiik.i  .Iiul  his  s'm'  h.ise  alsu  suulu'sl  Ihe  mill. Hum  s'l  l.ilt^.iie  s i .lek  y.iusslh  m misesl  ms'sle  essiutilusns 
(see  I iipmeei III}'.  1 i.ieliiie  Meshaiiles.  sul  p 42').  1')'^’').  I’leeiaekesl  luss  e.iihuii  sU'el  spesimeiis  weie 
iisesl.  ssiili  the  lu'iehs's  miiustiuesl  .ii  hv'ih  sin  l.ise  .nul  eeiiiei.  .nul  .ii  saiiuiis  aH}’les  us  ihe  .ippheil  l.iip’iie 
sliess  II  IS  euiu  hulei' I h.il  l he  l.il lime  ei .u'k  ,e.i uw  ih  is  liaelu}!! .iphiealls  ihs  uleil  nilis  iwu  inuiles.  siie.n  .nul 
leiisile  (Ihe  I i.u lup.i.iphs  w eie  iiul  seiisiiise  lu  nuleh  aeiiiis ) The  ei  il u .il  euiuliluni  li'i  lalip.ne  ei .lek  pi uss  i h 
IS  pis  ei  I hs  ihe  lue.il  leiisile  sii  ess  .nul  sheai  inp  si  i ess  a I I he  iiuieli  lip.  w huh  i el.ile  lu  ihe  sii  ess  mleiisiis  l.u 
lui  s K .nul  Km.  I hulei  plane  lu.uimp  euiuliiiuiis  i his  ei  iiei  luii  is  peiiei  .ills  .ipplie.ihle. 

I he  Meial  I’hssies  (iiuiip  inulei  I’lulessui  I liiiina  is  seis  aellse  iii  liipli  suli.ipe  eleeliuii  inieiusei'ps 
(M\  IM>  In  siiH  ilsiiaime  Iheimal  .nul  ineehameal  ellesis  (ilislueal iuii  mus eineiils)  h.ise  heeii  uhseisesl 
I Ins  ssuik  ul  liiiiiia  IS  ssulels  kiiuwii.  aiul  iiu  allempl  lu  piuside  sleiails  will  he  iiiulei laken  heie.  I I'l  lliuse 
Hileiesieil.  ihe  rulluwnip  p.ipeis  ul  liimia  .nul  euaiilhuis  aie  leeumiiieiulesl:  .i)  "In  Siin  Dsn. nine  I \ 
I'einnenis  UII  I’laslu  Deluinialiun  in  IIN'IM."  I iimlh  lnieinaliun.il  Cunpiess,  luiiluiise.  I')"'',  aiul  h) 
"In  Sun  Dsn. nine  Ohseis.iiiuns  ul  Dislue.iliun  llehasiui  in  Melals  aiul  .MIs'ss  hs  llipli  N'uliap.e  I leeiiun 
Mieiuseups"  Meinuns  ul  I aeiilis' s'l  I'lip.ineeimp.  Napus.i  Ihnseisiis.  \i>.  2.''.  Nu.  I,  M.is.  I')'!'  Innn.i 
.ilsu  IS  seisiiip  .IS  eisehanm.ni  aiul  piupiain  ehaiiman  ul  ihe  I ilih  Iniei n.iiu'iial  Cunreienee  uii  lliph 
N i'llape  Mieiuseups  in  Ksulu.  I.ipan,  .Xiipiisi  2‘)  Sei'lemhei  I.  I')’’’,  siiunsuieil  hs  (he  lai’anese  Sueiels  s'l 
I leeiiun  Mieiusei'ps . 

Asss'ei.iie  I’lulessui  N N nkass.i  is  deselupinp  iiiieiesimp  hip.h  lempeiainie  in  sun  ei'iiips'siies  hasesi  un 
Ihe  niuiu's.ni.mi  enieeiie  line  in  ihe  Ni  ( i ( ' sssieni  .nul  ihe  ( is  ( i ('  sssiein  I he  lu’pe  is  u<  uhiaiii  huih 
lihei  .nul  shspeisu'ii  siienpihennip.  ,\n  alUss  esnnpusesl  ul  h)  t'l  2l'  22Ni  14  ( s'  aiul  ' \l  has  heen  nuule 
Ihe  eia  t i ( phase  aiul  a siiunp  paiiima  man  iv  aie  evpi'eiesl  ii>  pi  us  ule  liipli  leinpeiaiine  snenpih  aiul  ihe 
uMsIaiu'ii  aiul  euirusiun  lesisianee  shunisl  he  pi  us  isleil  hs  Ihe  ( i . I’lehnnnai  s lesis  slu'ss  ihai  ihe  siineinie 
IS  eninels  siahle  lin  h)  hums  ai  ')()()"('.  >'nkassa  feels  ihe  alius  will  he  siahle  lu  s'sei  KHKl'C,  hni  ihis  h.is 
nul  vei  heen  piusen.  .An  nlinnaie  use  in  pas  tnihine  eisnii's’nenis  is  s isn.ih/eil.  .Ai  ihe  lime  uf  |tie  nieeimp. 
^ nk.iw.i  h.ul  nul  ileeislesi  ss  heie  is'  pnhhsh  i he  w ui  k 

Innna  sshh  I . Masimusli'  uf  l uliukii  Dniseisiis  .nul  V.  ^ I'shiis'  uf  Nap.usa  Insiilnie  ul  I eehiu'lups 
lepuiieil  un  ihe  "Siinelnie  and  Siahihls  uf  a Splai  Cuulesl  he  I’  ('  Alius”  ai  ihe  Seeund  lnieinaiiun.il 
( i'lifeienee  un  Kapulls  (.inenehesl  MeiaK  ai  Ml  I in  Nsssenihei  l')7.s  (pnhlisliesl  in  Maieiials  .Seienee  .nul 
I npiiu'ei mp.  2.)  (I‘)7h)  |('')  172).  Ihe  alli'S  (.SO  le  I'l’  "'(')  ssas  funiul  U'  base  a sipnifie.mils  hiphei 
leeivsialli/aiiun  ieni|seia(nn'  (fiuni  ihe  aniuiphuns  siaio)  afiei  niaslialu'ii  ssiih  eleeiiuns  uf  100  ke\’  lu 
1000  ke\'  lip  lu  .1  luial  sluse  uf  .ihuni  10' ' eleeiiuns  enr  in  Ihe  1 1 \ IM . fins  euiiUI  base  I'l  aelieal  im(she.i 
nuns. 

In  peneial.  Napuya  Dniseisiiy  appeals  ns  he  fiisi  class  hs  eseiy  siaiulaid  l aeli  I'f  ihe  ihiee  piunps 
sisiu'd  III  Meialhnpieal  I npmeeiinp  piuscsl  hs  he  seiy  sinnip  aiul  ii  is  smeeiels  lepieiiesl  ihai  (heie  ss.is  lu'i 
nnieiusisii  ilu'ulhei  piunps. 
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I 111'  I V'p.imiK'nis  I'l  M.id'iuiN  Si  u'lin'.  Mi'i.illiii , W I'Minp  I iijiimvi  iiip  iiiul  ilu'  W i-liliiip  Ki'm'.iii  Ii  In 
Miniii' ill  1 '->.111,1  I 'iiivi'iMix . Suii.i  c iix  i .iini'id.  I iMiii'li'iiii'iii  r.ii li  I'tlu-i  .iiul  i.iilu-i  i-lli-iiixi'K  iiiip.iii  ilu- 
iiii'M  I iniil.iiiii'iil.il  iiii'l.ilUii  |-.iial  I i-M'.iii  li  iii\ i'-.i4Mlii'iii  I'll  pi  ,ii  III  ill  iiii-i,illiii ^',ll  .il  I'lipiiiri'i  iiif  pi ol'lriiix  In 
lllix  i\\i'  iliix  pi'iii'il  llii-  iiiiili'i liiK  >!ii'iipx  (Ki'/ii'v!  ili'.ilnii',  'Mill  Ill'll  .Hill  'li'i'l  |l*i i'Ioim'i  S Ni'iiiu'l  .iiul 
iiii-i.illi'j;iiipli\  (I’li'li-'.-M'i  1 ^ .iiii.iiii'l  wi'ii' MMli'il  III  ilii' I'l-piiiliiii-iil  I'l  Mi-l.illiii(',\  I'li'li-vM'i  \ Miili.ir-. 

f-.ll'llp  ill'illlll^  \Mlll  v|Il-\\  ii'lli'Mi'll  .Iiul  ii'lli'Mi'll  l.llll-.lll-  .lllil  I’ll'Il'Wi'l  \ KllillI.ri  ('.li'lip  wlllill  IS  III 
irii-sii'il  III  lixilii'^cn  I'liil  nili'iiii'iii  .iiul  ii.uliin>'  iii-u-  usiu-il  in  ilic  I'l-p.iiiiiu-ni  ol  Wi'Kliiip  1 npiiii-i'i up- 
I’li'li'sM'i  I mil. I ".IS  iilsi'  Msiii’il  .11  ilii'  "I'llil  l.inii'iis  Ki'si'.ii ill  x 'l-nii'i  li'i  IMii.i  Hifli  \ oli.ipi-  I li-iiii'ii 
Mil  I I'si i'p\  III  ilii-  M.ili'iiiils  Si  u'iiii'  1 'I'piii iiiii'iii  \ i.ilk  I'liilniiiij'.  si'iiic  ('NK  \K1  u-si-.iu  li  in  iii.iii  i i.iK 
Si  li'lli  i-  .Hill  I'llf’.llll-l'l  lll|-..  " nil  I'lHI'll.lsls  I'll  " I'lillllp,  u .is  ili'lll  i>i  I'll  li'  llii'  \\  i-lilllli'  Kl'si'.llill  llislllllli'  I’ll' 
ll'ssi'i  \ III  .Hill'll'  " III'  till  I'l  Is  llli'  1 nslllllli'  " ,|s  Ill's] 

I’li'll'ssi'l  Nl-|Hll''s  gli'llp  IS  sHlillHU-  II  pll.lsi'  II  .Hisli'l  lll.llll'lls  III  .llli'ls,  I s|lHillHl-s  .Hill  llll'i  ll.llHi  ,ll 
pi  I'pi'l  Ill's  I'l  lllll'l  IHl'l.lllli  i I'llipi'llllils  .Hill  ' I 111,11  I I'llsHli  II  .Ills  I I'lnl.l  Ill'll  .Hill  sll.ipi-  llll'llli'l  \ 

1 111'  Il'M'Isi'  sll.ipi'  llli'llli'll  (KSM)  I'lli'il  IS  .issi'i  (.Ill'll  "llll  lll.ll  ll'llsllli  II  .Hisli'l  IH.HIi'll  .Hill  ll.ls  I'l'i'n 
I'l'si'l  \ I'll  II  111  I'l'l.l  I'l.Iss  illli'ls  sill  ll  ,ls  Nl  1 I,  Nl  \l,  l II  ,’||.  I 11  M .’ll  .Hill  I 11  \1  Mil  .Hill  .'I  ill'll  I'.lsi' 
.llll'i  s sill  li  ,is  1 i'  Mil  .Hill  1 i'  Nl  1 hr  1\SM  I'l  I I'l  I I'l  l ill  s ,is  ilii'si'  .llll'i  s .11 1'  ili'li'i  nil'll  sn  ru'li  hi-li'ii  Ms 
Mill  Slll'si'il  ill'll  I Ill'.HIIll'.  .Hill  I i'i'1h4'.  I Ill'll  pi  I'll  III  IS  s|'i'|H.HIl'i'l|s.  I I'l  I'l  sll'li'  .1  III!  I I'pi'.H  .ll'll'  sll.ipi'  i ll.HU'.l's 
III  I'i'lll  lipi's  I'l  .llli'ls  Viii'lilllll'.  ll'  Nl'lllll'  .Hill  Ills  i i'lll'.4'.lli's.  ill'li'l  111. nil'll  Hlilllil's  ,1  slli'ss  Ili'lll  mil'  llll' 
iii.ilt'ii.il  II  huh  m jmn  n'mii'ls  ihr  pii'inh  Jiii'i  imns  nl  ihr  m.iili'iisiii,  nisi.iK  Ihuli'i  si'ii-ir  sii.iin  ilusi- 
lll.ll  ll'llslll's  ili'li'llll  I'l  l.HliHII  ll'  l ,11  l.llll  II  .Hisli'l  lll.ll  li'lls  ,Hlll  lipi'll  lll'.lllllf'  (.ll'i'll'  \.l  llll'  Il'sIlll.HlI 
l.HI.HlIs  II, Hisli'l  111  ll'  llll'  p. Ili'lll  pll.lsi'.  ll■s|l'IHI^'.  llll'  I'llpHl.ll  sh.lpi'  1 Ills  Ili'lll  IS  ill'Si  lll'i'il  I'l  Nl'lllll'  .Hill 

I'llii'isiii  ii  si'iii'si'l  p.ipn  s ll  llll  ll  ii'iiiiiiiii' Ili'lll  l'»'l  ll' llll' pii'si'iii  null' (Si-i>  s,  M/'/i)  Mi'/,)/.'um,'|i  ij 
l»'l.  ,V.  1(1",  l'J'.|.  .S'.  I W'l.  I'J’I.  s'.  ,SS'.  I'J''.  I.'. 'Jll.  I’J'M  VIsi'  /-mil  I I.S".  I'j'l. /’'I'l  /irw 
.f/\f  /nii'rriillh'riit/  lit  Vspoilsi'l  M.ii  li'iisiiii  1 1 .liisli'i  ni.ilii'n" , Ki'I'i'.  h / <'" 

( 'I'nmmn  \/i'U;/i,  s()_  l'>'('  ('iii'i'l  Ni'ihii''s  n'lli-.i^mi's,  I s.il'nil,  iiill  iii'ik  .11  ilir  I 'iiiii'isni  nt  11 

Illli'ls  illlllllf!  I'l"  mill  I’li'll'SSi'l  I W ,11  lll.lll,  "111'  IS  .llsi'  I'Spi'll  iMI  sh.ipi'  llli'llli'll  I'lll'i  ls  (Si'C  \f,'/ 

//.mi.\  (' \.  .'ll.  I'l'si 

Wiili  ii'spi'ii  ll'  lllll'l iiii'iiillii  ii'nipi'iniils,  siiili  ,is  Ni,(  \l,  \\  I,  ilii'ii'  IS  ki'i'ii  inii'ii'si  111  ilir  I'l'sri i .hu'h 
lliiil  llll'  Ili'lll  siii'iiy.lli  iiii'ii'.isi's  111.11  ki'illi  mill  li'iiipi'i  ill  llll"  I Ills  plii'iii'iiii'iii'ii.  iiliiili  li.is  iilsi'  I'l'i'n 
I'l'si'l  I I'll  HI  Ni.Si,  i ii.li,  Ni.d.i  .Hiil  Ni.iii',  h.is  I'l'i'n  ii'i  iipnid'il  itiiil  ini'il  in  ilir  ili'sifin  I'l  hi|.:li 
ii'iiipi'i.iinu'  niiki'l  I’iisi'  siipi'i .llll'i s.  I'll!  llll'  Iniiil.iiiii'iii.ils  inr  iioi  ncll  niuli'i Hi'i'il  Ni'iiiu'  iiiul  Ins  ^iii'iip 
li.ii i'  I I'liiliii ll'll  I'l'iiipu'ssu'ii  ii'sis  I'll  sinyli'  1 1 1 si.ils  I'l  Ni,(  M.  W I ll'  ill'li'l  iiiiiii'  llll'  li'iiipi'iiiinii'  iiiul  01  u-ii 
l.llli'll  ili'pi'llili'llii'.  .Hill  llll'i  llilli'  li'llllil  lll.ll  ill  ll'll  li'llipi'l  .Hull's  |lll|  11(1  ' slips  I'pi'iilti'  "lii'li'ils  ,11 
Ill^ll  li'llipi'l  ill  nil's  I UX1|  • 1 HI  ' slips  I'pi'i.Hi'  I 111-  Pi'sillll'  li'llipi'l  ilHHi'  ill'pi'llili'Hi'i'  I'l  llll'  Ili'lll  slii'ii^'.lll 
I'l  I III  s I'lili  I'l  I'l  llll'  li'llipi'l  .11  III  I'  uHi|:i'  I'l  llll'  1 1 1 1 1 ' 1 1(1  'slips  1 111'  pi'iik  sii  I'n^nli  ii  iiiisiui'ii  U'liipi'i  inni  r 
I'l'l"  I'l'll  llll'  I"  i'  slip  SI  sli'iHs  IS  I'l  ll'll  I, nil'll  ili'pi'llili'IH  I I'lillll  I'  1 1'  llll'  I'l'llipi  I'ssli'll  ilMs  1 111'  I'l  I III  ill  ll'Si'h  I'll 
slll'.H  slli'ss  I'l  till'  pi  Illlill  I ( I I 1 1 I HM  I slip  illsi'  nil  I I'.ISl'S  .Is  till'  Sll  I'SS  l I'lllpi'lll'lll  I'l  llll'  (('H'l  1 H'l  ) l l I'SS 
slip  nil il'iisi's,  siiml.ii  I'lll'ils  iiii'  I'I'si'iii'il  mill  Ni.M.i  .mil  Ni.lii'  1 lii'  i.ili'  I'l  s|ii'n]!lli  nii'ii'.isi'  mill 
li'llipi'l .11  llll'  I'l'i'i'iiii's  till  p.i'i  iis  llll'  I'l'iiipii'ssii'ii  .IMS  .ipi'ii'.ii  lii's  llll'  1 1 1 1 1 I'l  ii'iil, 11  ll'll  \i i'l'l ilni^i  ll'  Nl'lllll' 
llll'  pii'l'.il'ilili  I'l  llll'  srii'ix  ilisli'i'iHii'iis  I'll  llll'  {111!  slip  pliiiii'  ill'll I'iisi's  ,is  llll'  ill'li'l niinii'ii  li'llipi'l .11  llll' 
niiii'iisi's  I III'  ii'iisi'iis  (I'l  ihis  ii'iliii'i'il  nii'l'ilili  .Hi'  ii  siil'H'i'i  I'l  I'lHii'in  iiiii'sii^Miii'iis  ll  hill  hivii  lu'ii'il 
linn  slili'klll]!  lilllll  I'lli'lp.l  (SI  1 ) I'lilli'lilll's  mill  llll-  illlllilllll  I'l  ili'ss  slip  I’.ipi'is  llllli'll  ili'si'l  ll'i'  lllis  .Hill 
ii'liili'il  iii'ik  HI  ^ii'iili'i  ili'liiil  iiii'  pni'lislii'il  HI  Scn/'lii  \ti'liilluiKi>'ii  (/(•.  S'n.  lO'p.  /<).  H'Sl,  |i)'(ii. 
.liti'iiiu-'»'  Ji  l/’/'hi'i/  /’/iviu'i  {II.  .(17.  |0'2.  / l-Uil.  li^’-l,  14,  '('I,  liJ'(',  Ifi.  lO"']  .111,1  III  I,  ,,t 
/Viri/t',;/ ,\(ii  u'M' ll/ ,/i;/’(m  1 (i’ll.  li>''.  MSP,  I'l’l.  ''P.  1 I U>.  I'l’ll 

llll'  (iii’iip  I'l  I'l I'li'ssi'i  1 \ iHiiiiiii'  IS  lllll'l I'sii'il  HI  11  lil’i'i  ii'inli'i ll'll  niiiii'i lids.  .''I  mii'in.il  liuiii'ii 

siHilii's,  11  ilillHsii'ii  111  mi'iids  iHiil  'll  liiili.nii'ii  iliHiiiini'  111  iiii'iiils  liiiinif;  ilir  inniiil  nHiii'isinii'iis  \ .nii.iiu' 
iiiUt'il  his  I’Mi'iisiii'  "I'lk  on  ihi' phis), -id  im'i;)llm>:\  ,'l  iii.nimm  idlois  iihii  li  it'inmiiHi'il  .il'om  srii'n  n'.iis 

! 
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ago,  apparciuly  a casualty  of  the  Japanese  administrative  decision-making  process  but  also  the  result  of 
Yamane’s  dissociation  from  his  former  employer,  Hitachi  Shipbuilding  and  Engineering  Co.,  Ltd.,  where 
the  titanium  work  was  done. 

More  recently  Yamane  and  others  have  specialized  in  studies  of  neutron  irradiation  effects  on  iron 
alloys.  Of  interest  is  the  study  of  the  re.spon.se  of  N and  C atoms  to  irradiation,  through  internal  friction 
measurements.  This  work  has  resulted  in  a long  series  of  papers.  The  thrust  is  that  C and/or  N atoms  are 
trapped  by  defects  produced  by  neutron  irradiation,  and  released  upon  annealing  at  various  temperatures. 
Annealing  may  lake  place  stepwise  with  temperature,  signaling  various  events  in  the  release  process.  The 
annealing  temperatures  required  for  release  vary  with  the  composition  of  the  alloy.  For  instance,  carbide 
stabilizing  elements  such  as  Cr  and  Mo  inhibit  release  of  C and  N from  the  radiation-produced  C-N- 
vacancy  complexes.  The  commercial  pressure  vessel  steels  ASTM  542  and  ASTM  A533B  have  been  includ- 
ed in  the  investigations.  Further  details  may  be  seen  in  Jr.  of  Nuclear  Sciertce  and  Technology  (9,  598, 
1972;  10,  587,  1973;  10,  556,  1973;  10,  705,  1973;  II,  99,  1974;  11,  1 14,  1974;  12,  519,  1975;  12,  634,  1975). 
An  award  for  best  paper  of  the  year  was  received  in  1976  from  the  Atomic  Energy  Society  of  Japan. 

In  the  field  of  fiber  reinforced  materials  Yamane’s  group  has  studied  primarily  copper  reinforced  with 
W,  Mo  or  Fe  fibers.  Areas  of  special  interest  have  been  the  use  of  internal  friction  measurements  to  study 
the  rolling  and  annealing  characteristics  of  copper  reinforced  with  Mo  and  W fibers  and  the  relationships 
between  the  mechanical  properties  and  interfacial  reaction  of  composites  containing  W or  Mo  fibers  in  a 
matrix  of  copper  or  copper  alloyed  with  Ni  or  Mn.  The  presence  of  Ni  or  Mn  promotes  a reaction  zone 
which  may  be  observed  in  the  microscope  and  which  is  tractable  to  analytical  determinations  with  the  elec- 
tron beam  microprobe. 

The  studies  indicate  that  with  respect  to  strength  there  is  an  optimum  5 to  10  microns  thickness  of  reac- 
tion zone.  These  studies  are  summarized  in  several  papers  (see  Proc.  197!  Internaiional  Conference  on 
Mechanical  Behavior  of  Materials  or  Vol.  5,  Soc.  Of  Materials  Science,  220,  1972;  Met.  Trans.,  1250, 
1974;  Trans.  JIM  13,  160,  1972;  Trans  JIM  17,  25,  1976).  A somewhat  related  paper  dealing  with 
superplastic  deformation  in  the  presence  of  cross  section  inhomogeneities  appears  in  Met.  Trans.,  2159, 
1975. 

In  the  Department  of  Welding  Engineering  there  are  continuing  studies  on  the  hydrogen  embrittlement 
of  base  metal  and  weldments.  The  researchers  employ  metallographic  and  fractographic  observations, 
acoustic  emmission  and  internal  friction  measurements  to  study  hydrogen  diffusion  and  interactions  with 
defects  and  impurities  other  than  hydrogen. 

The  work  has  shown  that  hydrogen  does  interact  with  dislocations  and  does  precipitate  at  dislocation 
sites.  Plastic  strain  intensifies  the  effect  of  hydrogen  and  plastic  zones  attract  hydrogen.  Kikuta  and  co- 
workers sec  the  concentration  of  hydrogen  near  crack  tips  as  the  indirect  result  of  dislocation  multiplica- 
tion rather  than  the  result  of  stress  concentration.  The  conclusions  are  supported  by  finite  element  analyses 
and  computer  simulations.  The  substance  of  this  work  is  described  in  papers  published  by  the  International 
Congress  on  Hydrogen  in  Metals,  Paris,  1972,  pages  144  and  293,  MW  Doc.  I.\-837-73,  IIW  Doc 
M-A-327-73;  Trans.  ISIJ  15,  87,  1975,  Trans  ISIJ  15,  503,  1975;  Nuclear  Metallurgy  20,  part  2,  p,  789. 

Discussions  were  also  held  with  Professors  Y.  Mukai,  M.  Watanabe  and  others  in  the  Welding  Engineer- 
ing Department.  These  investigators  have  been  studying  corrosion  fatigue  (stainless  steel  and  structural 
steel)  and  stress  corrosion  by  HiS  (in  high  strength  steels).  There  were  no  startling  findings  reported,  but 
.several  solid  papers  have  been  written  (see  Technology  Reports  of  Osaka  University,  14,  No.  602,  609, 
1964;  22,  No.  1040,  155,  1972;  24,  No.  1202,  487,  1974). 

Of  perhaps  greater  current  interest  are  some  studies  in  the  fracture  mechanics  of  stress  corrosion  crack- 
ing in  austenitic  stainless  steel  which  Professor  Mukai  is  conducting  in  collaboration  with  M.  Murata.  Us- 
ing specimens  which  feature  increasing,  decreasing  or  constant  stress  intensity,  the  investigators  show  that 
substantial  differences  are  seen  in  plots  of  da/dt  vs.  K.  If  K is  decreasing  there  is  a smooth  transition  be- 
tween regions  I,  M and  ME  In  the  cases  of  increasing  or  constant  K,  however,  there  is  an  abrupt  drop  in 
da/dt  with  increasing  K as  the  boundary  between  regions  I and  M is  exceeded.  Within  region  M the  value  ol 
da/dt  is  fairly  constant,  but  a steady  increase  occurs  again  as  region  MI  is  reached.  The  investigators  at  this 
point  associate  the  “jog”  with  crack  branching.  The  work  is  not  yet  published. 

The  Welding  Engineering  Department  boasts  some  massive  welding  equipment,  there  is,  for  example,  an 
electron  beam  welder  of  100  KW  and  100  KV  accelerating  voltage.  Welds  from  30  to  50  cm.  can  be  made  in 
one  pass.  New  equipment  is  being  obtained  which  will  permit  a 300  KV  accelerating  voltage,  and  there  are 
plans  for  a 1000  KW  electron  beam  welder  which  will  weld  up  to  one  meter  thick. 

There  is  also  a 48  KW  hydrogen  plasma  welder  and  plans  for  a 100  KW  plasma  welder  which  would  be 
the  largest  in  the  world. 

The  Welding  Research  Institute  at  Osaka  University  is  distinct  from  the  Department  of  Welding 
Engineering.  The  major  contact.  Professor  N.  Iwamoto,  and  his  colleagues  have  written  many  research 
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I'illHMS  I'Vl'l  ihl'  I.IM  itlllT  VOill'<.  I«i>  ('.ipcts  I'l'M't  OMlIo  MnlUSIOIlS  ri>mK\l  111  sKtK  In  lln.‘  lll'l>\llll/llll! 

cli'iiK’uls -M.  Si.  Mil.  1 1.  \ . Nh. /ii  .iikI  ( 1 . (Svc  luiiis.  IWKl.  41 . 1474  iiikI  4.  24.  147S),  I lie  ililU'ioiil 
1\  pes  of  iiK'lusunn  .iiul  i lioii  nun  plmlojiics  n hu  h l hose  ileiixiili/iiij.’,  eleiiieiiis  pi  oiiuee  in  steel  is  lev  leneil 

l\N.iiiuMi>  h.is  .ilsii  iMiiieii  .1  senes  iil  Ine  p.i|H’is  mi  sl.igs.  I nst,  the  hasieiiv  ol  slag  is  lesieneil  null 
lespeei  to  einuepi  .iiul  elUvis  nii  siihihiliis  nl  eases  sueli  .is  nsygeii.  iiiiiogeii  aiul  waiei  \apoi  (liaiis. 
JUKI  4.  S4,  1474).  A seeniul  p.ipei  emisulei  s the  tole  o!  ( .il  iti  sl.ig  .tiul  eoiisiilets  the  elleets  nl  Ihuit  me 
lotis  oti  the  Si  1)  Si  hoiuls  ( 1 i.ins.  I\\  Kl.  4.  4| , |4'’,S),  It  in  .ippaieiitly  iiiieeitaiii  at  this  time  nhethei  m not 
riuoi  ine  intis  hi eak  the  Si  O Si  hoiul 

In  amnio  sum  mat  i/es  the  sit  nelni  .il  them  > nl  nsule  melts  in  a i hit  il  papei  ( I laiis.  .1  \\  Rl . 4.  127,  14‘'s) 

I lieie  is  still  nuieli  iineei  i.iiiiis  ahnni  the  smietiiic  nl  the  speeies  in  ninlten  sUigs.  1 he  meaning  nl  the  .mini 
phnns  si.ite  .is  .ippheil  in  sl.igs  is  nni  ele.n  . 

The  heh.iNim  nl  .nnphnieiie  niei.il  ums  siieli  .is  .tlmniimm  aiul  liianimn  m slag  is  .ilsn  ileseiiheil  ( 1 laiis 
JU  KI  S7,  |4’(i)  .Xg.iin.  iheie  is  niueh  nneei  laniiy.  ptii  tienlai  ly  in  llie  ease  nl  tiianmni.  .ililuuigh  it  is  .i 
geiiei.il  Men  ih.ii  the  i.iiui  nl  niei.il  in  nviile  .is  ihsti  ilniieil  helneen  metal  melt  aiul  slag  is  lelaieil  in  the 
Imsuiin  nl  ihe  sl.ig  It  is  iheierme  leiii.n  k.ihle  lli.ii  the  mils  nl  enmninn  aiUlilnes  in  Ihives  sneh  .is  MO,. 

110  .iiulCal  aiesnpnmlN  iiiuleisinml. 

In  the  Itlih  papei  nii  slags  | liaiis.  I\\  Rl  H5.  147(i)  Inaiiinin  eniisiileis  gas  snluhihts  m slags.  It  is 
el.miieil  that  iheie  is  .i  simiig  eniielatinn  helneen  tlie  state  nl  ahinimimi  inns  in  slag  aiul  the  snhihihiy  nl 
g.is  (n.iiei  s.ipm  .iiul  nitingen)  I he  inie  nl  iitammii  is  not  yet  lesnUeil. 

Heeaiise  nl  the  inlet esi  in  .iiiun  plums  ph.ises  in  slags.  \ lay  iliirraeiimi  siiuhes  im  .mint  iitimis  ni.iieii.ils 
.neemieniU  .utiie(li.nis  IWRI.  7,  1476).  Peieiminaiinns  nf  lailial  ilisii ihiiiinn  rimeiinns  Im  N.iO 
Si  t)  lieO  gl.isses  note  iiseil  in  inlei  stiiieiine. 

\ Ini.il  inieiesi  nhieh  n.is  iliseiisseil  null  ln;minin  nas  piessiiie  neUling  nl  .iliimimim  in  iii.inmm 
( 1 i.ms.  IW  Rl.  64.  I4''6)  .Iiul  iliriiisinn  neUling  nl  iiiihl  steel  in  ahniimiim  ( I lans.  IW  RI.  4.  6’’.  14''^). 

I heie  h.is  heen  enll.ihm.iiinn  null  I nksn  Shihaura  l leeiiie  C n..  I til.,  aiul  n iili  l eiknkii  I’istnn  Ring.  Ine.. 

111  this  nmk.  I he  lesiilis  base  shnnn  that  nnn  aiul  alimiinmn  I'nnii  a ililTiisinn  hniul  null  I e- \l.  .it  the  in 
leil.iee.  With  .i  siliei  iiiiei layer.  I e .M,  I'nniis  at  the  niiUl  steel  siile.  W ith  ,i  niekel  niieil.ivei.  AI.Ni  .iiul 
•\l,Ni  Im  111  nil  the  .ihiminimi  siile.  Best  siiengih  lenuii  es  .i  niekel  inlet  layer  .iiul  \ .leiiiim  iliHiisinn. 

W iih  respeei  in  pressuie  neliling.  ahmiinum  is  leailily  I'lessiiie  nelileil  in  air  in  iiianiimi  il  the  tii.inunii  is 
emu  eil  n iili  alumiiiimi  In  lint  ilippiiig  prim  in  neliling.  Ihe  enmpnuiiil  .M,  li  appetiis  at  I he  mtei  l.iee. 

Ihe  liiial  sisii  at  Osaka  llni\eisiiy  n;is  null  I’rnI'essni  lliinshi  I ujiiti.  Direeinr  nl  the  Rese.iieh  C'eiuei 
I'm  Uhi.illigh  Voltage  Meet  inn  Miernsenpy.  Vhe  [uiile  nl  ihe  C'eiiier  is  the  4M\'  eleetinii  niieinsenpe 
nhieh  is  10  meiets  high  .iiiil  neighs  70  inns.  Magnilieaiinn  is  nhitiinahle  Irnni  1000  in  400.000  limes  null  .i 
resnliilinn  nl'  ahnui  tnn  angsirnms.  l ot  evperiiueiital  piiriinses,  seieral  tn  stiti  ileiiees  aie  aiailahle.  l liiis 
ineialhii gieal  speeitnens  may  he  siiesseil  enntiniinnsly  nr  aliernaiely  ami  at  the  same  lime  he  ennieil  in  the 
lemperatiue  nl'  lii|uiil  iiiirngen  nr  heateil  in  ;is  high  as  IIKHI  'C.  I ni  situlies  nl'  siipeienniliietn  ii\ . a lii|iiiil 
liehimi  lies  iee  ennis  to  iiiiilei  4"K;  ihe  elTeeis  nl'  laiiiee  impel  I'eet inns  nil  the  ei  itieal  I'ielil  are  nl  em  lent  in 
lerest.  I n stiiily  eei  aniies  an  eleetrnii  hetim  hetiiing  ile\  iee  may  hnnst  leniperaiines  in  2(X)0'’C  '. 

.■\ti  iiiuisiial  eiiMinuiiieiiial  eell  is  also  availahle  in  situly  hinlngieal  ami  iiieialliii gieal  pheiiniiieiia  as 
relaieil  in  iheeiniimimenl.  Hinlngieal  speeinieiis  may  he  \ieneil  in  i/in.  Snliil  liiuhil  ami  snliil  gas  physie.il 
.mil  eheiiiieal  reaeiinus  iiuiy  he  nhserieil.  I hus  iheie  is  ;i  eiirrent  use  nl  the  eell  in  stmly  hyihngen  enihriitle 
nieiii  iiieehanisnis. 

.■\eenriling  In  I’rnl'essm  l iijila  the  luiiieipal  aiKaiiiage  nl'  ihe  high  milage  is  thai  gieaiei  s|ieeinien 
ihiekiiess  ean  he  iiseil.  This  is  impnriaiu  heeause  ihere  ;tre  ihreshnlil  ihieknesses  heinn  nhieh  sueh  maieri.il 
eharaeiei isiies  as  ilislneaiimi  ilensity  ami  reerysialli/aiinfi  lemperaiure  ililler  rrnm  ihe  hulk  niaieiial.  1 he 
high  milage  is  esseniial  I'm  nhservaiinn  nl  eleiiienis  n ith  ainniie  nimihei  met  40. 

Oil  the  basis  nl'  sueh  ihiekiiess  ell'eet  simlies.  1 iijiiii  has  ennehuleil  that  the  high  siiength  nl  nhiskers 
resiilis  rrniii  their  mintite  thiekness.  In  sueh  thin  lihers.  ilislneatiniis  eseape  at  the  sin  I'aee.  W hiskeis  nnulil 
nnl  he  rei|iiireil  il'ihe  metal  eniilil  he  ihinneil  tmniher  n;iy. 

Hie  niieinsenpe  of  l iijiia  litis  also  heen  useil  in  stmly  sintering  phennmena.  It  has  heen  shnnn  ih.ii  small 
pariieles  play  an  impnriaiu  role  in  reiltieing  siiueiing  lemperaiure. 

Other  applieaiinns  nl'  ihe  niieinsenpe  are  ileseiiheil  hy  1 iijiiti  in  seieral  reeeni  papeis.  I nr  appheaiinns  in 
maieritils  seienee  see  ./<;/>(/// ./r.  at  App.  Physics,  II,  1.^22.  1472  ami  Proc.  of  ihc  i'ounh  InlcnhiiioihilCon 
gre.s.s  mi  //igh  \ oliiifu'  Microscope,  I'niilniise.  1475,  pages  244,  247  ami  445.  I nr  simlies  on  ilel'ni iiiaiinii 
see  Jr.  Pliys.  Soc.  of.lapun,  40,  1476,  pages  742  tiiiil  1 104.  .A  paper  on  iliirusinn  phennmena  appears  m Jr. 
Piles.  Soc.  of  Japan,  .V,  486,  1474.  The  miisersal  eiivirniimemal  eell  ami  its  appheaiinns  in  meiallmgv  is 
ileseriheil  ill  ./(//><;«  ./r.  ()/'. 4 /v>.  Physics,  O',  2221,  1476.  The  High  S'niiage  I leeirnn  Miernsenpe  Oeiiiei  h.is 
been  ileseiiheil  also  hy  Or.  1 esiie  S.O.  Knvas/iitiy  nl'  ONR  Inkyn.  nlm  \isiieil  I iijiia  eailiei  (see  ()VA’ 
lok  i()  Scientific  Hiillctin,  Vnl.  1 , No.  2,  Oeinher  to  neeemher  1476,  p.  27). 
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In  l‘Xt’  l ohnku  t iniM-rsny  was  tiniiuloJ  ai  Somlai,  .lapan.  I Ik-  I aciili\  nl  1 iii’itu-ftiiii!  was  i's(ahlislK\l  in 
aiul  ilio  same  veai  ihc  Kosoaicli  Insiiiuie  lin  Iron,  Sieel  and  Oiliei  Metals  was  Ivnnnleil  .is  .i  p.ni  ol 
lolurku  llniseisity.  A Depaiiinent  ol  Meiallui.ev  was  lormed  in  l')24,  the  larnesi  sueh  dep.niineni  m 
Japan.  I lie  depaiinieni  eirxered  both  eliemieal  and  pliysieal  meiallini;\ ; the  laiiei  subieei  aiea  w.is  insi 
heinnnmi;  to  grow  in  the  woild  at  that  lime.  A Keseareli  Insiiniie  ol  Mineial  Hiessmg  aiul  Mei.illingx  was 
toimed  as  pan  rrl  ilie  I biix  ersiiv  in  l‘J-4 1 . the  Department  of  Maiei  i.ils  .Seienee  in  Idpo  .md  the  Dep.inmeiii 
ol  Metal  I’loeessing  in  1%.S.  A Resetiieli  Instiiiiie  lin  Sirengiir  .ind  l i.ieiiiie  ol  Metals  was  esi.ih 
lislied  in  1464. 

riie  pieseni  setup  is  that  the  iliiee  materials  ilepai iinenis  (Metallurgy,  M.iieiials  Seienee  and  Mei.il  I’lo 
eessing)  are  adniinisiereil  as  a single  unit  w iili  piolessois  leaeliing  sometimes  in  mote  than  one  dep.ii  imeni 
I ikewise,  students  in  the  three  deii;iiinienis  i.ike  eommon  eourses  ami  speei.ili/e  imlx  in  the  liii.il  xe.iis 
C'lradiiaie  degrees  tiinmgli  the  doeiinaie  ate  oUeierl.  ,\i  the  giadii.iie  seliool  level,  memhei  s ol  the  reseaieli 
iiistiiuies  sueli  ;is  the  Researeh  Insliiuie  loi  Iron.  Steel  aiul  Other  Metals  heeoine  tieiixe  m the  diieeiion  ol 
researeh  ami  in  leaeliing.  The  total  eniollnieni  I'l  the  ihiee  ilepaiimenis  is  soniewh.ii  oxei  ’(Hi,  with  .ihout 
.J5  working  in  gr.idiiaie  seliool  lor  ihe  dr'eimaie  and  5(1  loi  the  masieis  degree. 

\'isils  to  the  Deirarimeiit  ol  Mei.ilhiigs,  Mateiitils  Seienee  .iml  Metal  I’nvessmg  .lie  tepoiied  hete,  .iiid 
visits  to  the  Researeh  Institute  lor  Inni,  Steel  and  Oiliei  Mei.iK  and  the  Rese.iieh  Insiiiuie  lot  Siiengih  .ind 
I raeiure  of  metals  are  vieserihed  in  oihei  aiiieles  in  this  lepvni. 

I or  the  Deparinienis  ol  Metallurgy,  Ma’ietials  Seienee  ami  Metal  I’loeessmg  the  pimeip.il  Imsi  w.is  Pm 
lessor  Karashima  who  is  well  known  lor  wink  on  the  siiengih  ol  metals  .iml  in  laei  hetuls  the  Siiengih  I'l 
Meiiils  Ciroup  vv  liieh  inelmles  also  Drs.  II.  ( Ijkawa  and  I , \\  .nanahe.  Simhes  (>)  this  group  inelude  ( I ) hm 
temperatuie  del'ortnation  ol'  C'u  ;md  /n  hierysials,  (2)  ileroiimiiion  ol  n lum  single  eivst.ils,  (J)  deloim.i 
lion  of  AIMg  alloys  and  .AlMg  single  erysials  at  high  lempeiiiiine,  (4)  high  ieni|vei.iluie  eieep  v’l  I e Mo 
and  l e Si  alloys,  and  (5)  grtiiii  boumlarv  sliding  and  fraeiure.  Heloie  ilesei  ibing  his  ow  n wot  k,  K.if.ishim.i 
oiiilined  briefly  someaetiviiiesofolhei  materials  groups,  as  billows: 

1)  Sirueiural  Materials  (II.  Sato,  N.  Neniolo,  S.  Demur;i,  .1.  l'ehigiiv;0  lie.ii  luMimem  ol  let i ous  .iml 
non  ferrous  alloys,  duetility  of  liigli  strength  alloys,  pliysieal  ami  nieeh.inieal  proiieiiies  id  v.ieuuni 
deposited  alloy  films,  heat-resisting  alloys,  high  voltage  eleeiron  mieioseopie  studies  of  ph.ise  it. ins  lot  m,i 
lions  of  meiallie  materials  sueh  as  Ni,.\l,  sirueliire  of  preeipiiaies  and  iniermeiallie  eompv'unds. 

2)  Speeial  Materials  (H,  Kaneko,  M.  llomnia,  II.  I'anaka,  .1.  Ikeuehi)  I e-l'i-Mo  h.iril  magnet  .illoys, 
rare-earth  hard-magneiie  materials  sueh  as  R;t'o,'  and  SniCo,  , new  magneiie  alloys  for  leeoiiling,  new 
high-permeability  alloys,  high-manganese  heai-resisiing  alloys  sueh  as  l e-l5Mn  15C'i  allov  bn  engine 
valves, 

.4)  Pliysieal  Metallurgy  ( 1'.  Nishi/avva,  I'.  Sakuma,  .A.  Chiba,  M.  Ilasebe)  siiueiuie  aiul  mobihiv  of 
phase  inierfaees,  diffusion-eoiiple  multiphase  inierfaees,  phase  iransfoimaiiinis  and  inlet  biee  mobihiv. 
eleeiron  mieroseopy  of  phase  iransforniations,  ihermodynamies  of  phase  eiiuilibiia,  effeeis  of  m.igneiie 
field  on  phase  eriiiilibria  in  iron  alloys. 

4)  Chemistry  of  Metals  (K.  Igaki,  Noda,  S.  Iio,  1'.  Kagatani,  K.  Nislnimna)  piepaitition  v'f  ulii.i 
pure  metals  sueh  as  l e and  Al.  non  sioiehionielrie  ehaleogenides  of  transition  niei.ils,  (e  g.,  Co  Se), 
preparation  and  properties  of  binary  and  ternary  II  VI  eompoiiiuls  sueh  as  /nSe,  strueliue  ami  pio|ieiiv 
eonirol  of  amorphous  semieoiuhielors  and  liquid  erysials. 

5)  Metal  Physies  (K.  Ilirano,  Y.  Onoclera,  S.  I'ujikavva,  V.  lijima)  diffusion  of  hydnigen  in  iiini  ami 
niekel,  diffusion  of  transition  metal  impurities  in  aluminum,  eleetivimigration  of  eaibon  in  iuni,  iheini.il 
diffusion  in  Al-Cie  alloys,  spinodal  deeomposition,  splat  spimulal  deeomposiiion,  splat  queneheil 
aluminum  alloys. 

6)  I'oundry  P'ngineering  (Ci.  Ohira,  .A.  VVatanabe,  1.  Sato.  1.  Dliide)  soliilibeatii'ti  of  ahnnmum  .illovs 
and  east  iron,  properties  of  malleable  east  iron,  wear  aiul  fiieiion  ol  alloys,  high  lempeiaiuie  osidaiuni 
seales,  oxidation  of  meial-earbon  alloys. 

7)  W'ehling  I ngineering  ( 1 . Kobayashi,  I'.  Kuwan.i,  Kikuehi,  R KigiiehO  niiii'gen  absoipiiv'ii  dm 
mg  are  vvehling,  ehemieal  reaeiions  duiiiig  ate  welding  and  eleeiiosl.ig  welding,  effeeis  ol  initi'gen  m 
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altnniiiuin  uoliling,  cffivis  of  alloyint:  I'lonu'ius  on  mcial  itaitsl'oi  in  ilio  au-  spa^.i-,  ^^cMin^^  in  lni:l\  pn,->\nic 
aimosplicrcv,  wolilinj;  i.'iav.'k>  in  low-alloy  siccls,  lu'ii  NhicMoJ  arc  wcUlinj:  olMccl. 

}i)  Inicil'acc  Science  ol  MeiaK  lN\  . Sneiaka,  A.  Maiia,  M,  ho)  molecular  orieniaiions  m iliin  IiIiiin  on 
hulk  meial  Mirt'aces,  nncleaiion  and  iirowtlr  ol  orjtanic  crysiaK  on  ineial  sinlace',  eleciionic  ln};h 
^ensili^ily  relleciion  speciroNCopy,  inlrared  ^peclra  of  ailsorheil  species  on  metals,  mechanisms  ol'  oiganic 
corrosion  inhihiiors. 

‘J)  I’owder  N^eialhnjty  (V.  Masiula,  R.  Waianahe,  J.  lakekawa,  h.  t)isuki)  - sinieiint;,  deiisiricaiion 
meclianisms,  tiriiin  growth  iti  sinteresl  ntetals,  sintering  of  suh-mienm  particles,  mechanical  propeities  ol 
\V  (.'-Co  anil  I'ik'-Ni  hard  alloys. 

10)  I’lastic  Working  of  Metals  (II.  I'akahaski,  I'.  Marakami,  N.  Okamtira)  - e\irusioti  through  stepped 
dies  in  plane  strain,  opeti  die  forging,  semi-closed  die  forging,  indentation  and  pieicing. 

1 1)  Mechatiical  Metallitrgy  (H.  Shiinada,  M.  t'hiba,  K.  Shinii/u,  M.  Ohaia)  - mechanical  hehasioi  of 
metals  under  biaxial  stress,  photoelasiic  stress  analysis  of  shells  and  plates,  effects  of  grain  boundaries, 
notches,  si/e  effects  and  graiti  si/e  oti  yield  behavior,  strength  of  non-homogeneoiis  materials,  tnechanical 
behavior  of  aluminum  bicrysials  and  deformation  of  the  bicrystals  at  elevtiied  temperature,  high-speed 
phoioelastic  tnethods. 

I’rofessor  Karashitna  next  described  recent  work  on  the  effects  of  deformatioti  tempei attire  and  oi  lenta 
tion  on  the  Uauschinger  effect  in  polycrysialine  atid  sittgle-crystal  aluminum,  respectively.  It  was  pointed 
out  that  one  tnust  be  careful  in  readitig  the  literattire  to  determine  w hich  Hatischinger  straitt  parameters  are 
used.  Some  authors  use  /),  and  others  or  /i,,.,.  Karashitna  concludes  that  the  Hatischinger  effect 
decreases  with  ittcreasing  temperature,  and  that  this  is  explained  by  the  cliange  in  dislocation  sirticttires 
with  deformation  letnperattire.  \N  iih  respect  to  orietnatioti  Karashitna  and  his  collaborators  notice  itiat  the 
Ifauschinger  effect  is  smaller  in  crystals  orietited  for  a single  glide  ihati  in  crystals  oriettted  for  multiple 
glides;  tliat  is,  tlie  Hatischinger  effect  decreases  with  ittcreasing  Schimid  factor.  This  is  in  accordance  with 
the  ttoliott  that  the  Hatischinger  effect  is  produced  by  elastic  interactions  among  dislocations  which  are  in- 
troduced during  presiraining.  I tiriher  details  tnay  be  seeti  in  Vrans.  .IlM  / 7,  414,  1^76  and  iS.  2.',  I*)??  and 
in  Materials  Science  and  I-'ngineering,  20,  267,  11)75.  Karashitna  and  his  colleagues  have  also  studied  the  ef- 
fects of  magnetic  characteristics  or  t'nrie  temperature  on  creep.  Studyitig  I'e-Mo,  l e-C'o,  b'e-Si  and  Ni-C'o 
alloys,  it  has  been  found  that  the  steady-state  creep  rate  verstis  lemperattire  curve  shows  a discontinuity  at 
the  C'urie  temperature.  Ic;  the  creep  rates  in  the  ferromagnetic  temperature  region  are  lower  than  ex- 
pected. These  studies,  vv  Inch  were  confined  to  temperatures  above  0.5  I'm  (meltitig  point),  indicate  that  the 
creep  discontinuity  reflects  the  effects  of  ferrotnagnetism  oti  diffusion.  Sitnilar  results  were  obtained  with 
fee  and  bcc  metals  and  alloys.  This  work  is  described  in  greater  detail  iti  Met.  Tratis,  2.  1.15*),  l‘)7|,  .Scripta 
Meialliirgica.5.  825.  I‘)71  and  Tratis.  AlMl  , 242.  170.f.  l^S. 

In  more  recent  sitidies  Karashitna  has  collaborated  iti  a study  of  testitig  tnode  on  deformation  behavior 
ill  first-stage  creep  and  in  tensile  tests.  Primary  creep  curves  on  T'e-Mo  u-iron  alloys  (Class  I alloys)  at  1()74 
atid  1 124K  could  be  classed  in  four  types,  and  similar  classes  could  be  specified  in  the  conventiotial  stress- 
strain  curves.  Hence,  the  results  from  one  test  can  predict  the  performance  iti  the  otlier,  and  the  first  stage 
creep  beliavior  can  be  estimated  from  the  tensile  test  at  room  temperature.  This  work  has  been  sunimari/ed 
in  a paper  submitted  to  Materials  .Science  and  T'ngineering,  I ')77. 

paper,  with  Karashitna  as  coauilior,  has  been  written  on  the  grain  boundarv  sliding  iti  zinc  bicrystals. 
The  pa(ver  was  presettted  to  the  l-'ourth  International  Confeience  on  Strength  of  Metals  and  -Mloys,  Nancy. 
Trance,  l‘)76.  The  work  treats  the  mechanisms  of  sliding,  empliasi/ing  grain  boundary  siruciure,  orienia 
tion  and  crystal  deformation  in  addition  to  dislocation  tnodels.  The  amount  of  sliding  iticreases  with  tilt 
angle,  but  minima  are  seen  at  atigles  which  produce  a good  match.  Thus  grain  boundary  sliding  does  not 
occur  when  a good  match  in  tilt  angle  and  twist  boundary  is  obtained;  in  such  cases  fracttiie  tnav  be  in- 
lergrantilar  but  is  more  likely  to  become  trattsgranular.  Twist  boundaries  provide  a beitei  match  than  tilt 
boundaries  so  sliding  is  more  difficult. 

In  other  work  with  T.  Waianabe,  Karashitna  shows  that  environmental  effects  may  telate  to  giaiti 
boundary  structure  and  segregativm  of  impurities  may  amplify  these  effects.  Thus  it  was  shown  ni  one  in 
stance  that  silicon  segregation  increased  with  till  angle  and  that  the  silicvur  conceniiaiion  was  greaiei  m an 
than  in  vacuum  (at  elevated  lemperaiiire).  The  investigators  state  that  the  conceniiaiion  at  grain  boun 
darics  is  dependent  on  till  angle  but  not  twist  angle. 

Tollowing  the  discussions  with  Karashima,  investigators  in  the  vaiious  oihei  groups  were  visited  Pro 
lessor  M.  Nemoio  is  studying  plasticity  of  Ni,.M  using  the  I MV  H\'l-M  and  a tensile  stage  at  NH)  i 
Observations  arc  on  dislocation  movements  in  relation  to  grain  si/e.  I'he  relation  of  gtain  si/e  effests  to 
superplasticiiy  is  sought.  In  previous  work  with  M.  Sato.  Nemoio  had  studied  the  sttuctmeand  strength  of 
fine-grained  copper  and  silver  prepared  by  vacuum  deposition.  The  gtain  si/e  cvnild  be  held  to  2l)tX> 
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.mgsiromv  iii  ilic  as  (.lcpi>siicd  stale  bin  iiiaiii  si/e  iiKicascd  xsiih  aitiiealini:.  I hc  Hall  l’eith  lolaiion 
piedietoil  the  sirctij;th  chanttos  saiist'acturily.  See  I tans  ,IIM,  /J.  1971 . 

I’tolcssoi  M.  Momma,  H.  kaiicko  and  K.  Sii/uki  base  been  deselopinii  hard  magnet  alloys  lor  some 
yeats,  mostly  in  the  l e-C'r-C'o  systetn.  l airly  reeeni  developmetits  have  produced  a hard  tnagnetic  material 
almost  eipial  to  Alnico  \'  tti  etiergy  product  xsliich  is  also  easily  forged  atid  rolled.  The  recetit  improsetnents 
result  ftotn  judicious  additions  of  Nb  and  Al  to  the  basic  I e-C'r-C'o  alloys  vs  Inch  may  contain  from  20  30 
percent  C'r  and  15  to  23  percent  C'o  plus  smaller  concentrations  of  sarious  other  elements  such  as  and  1 i. 
According  to  Momma,  there  is  much  interest  in  the  United  States,  notably  at  Cieneral  E-'lectric  and  Hell 
l elephone.  Kaneko  was  scheduled  to  lecture  on  the  new  alloys  in  the  United  States  during  1977,  |u  addi- 
tion, Momma  was  scheduled  to  leciureat  Dresden  on  this  subject  in  November  1977, 

Currently  Momma  and  others  are  attempting  to  produce  high-permeability  materials  such  as  the  famous 
1 e 9Si-5,Al  Sendust  alloy  in  a forgeable  and  ductile  form.  No  results  were  given.  I here  are  also  efforts  to 
develop  the  rare-eaith  hard-magnet  alloys  of  the  type  R.-Co,  . .Already  an  alloy  developing  30  megagauss 
oersted  has  been  found.  I bis  is  tops  in  the  world  according  to  Momma  and  there  is  already  international  in- 
terest. 

Hackground  material  on  these  subjects  may  be  seen  in  frans  JIM,  9,  124,  1968;  AlP  ConJ'cn’ncc  Pro- 
iwdtnfis  So.  29,  .X/ug/icfi.vut  and  Mafitwiic  Materials,  620,  1975;  AIP  Conference  Proceedliifts  So.  5, 
.Maitneilsin  and  .Maitneiic  .Materials.  1088,  1971;  ll-lil-  Trans  on  Magnetics,  Vol.  Man-U.  1440,  l975;3-///i 
.■Xnn.  /'roe.  Ideetron  .Miero.seopy  Soe.  .Ameriea,  606,  1976  (Ci.W.  Harley,  lidiior);  11-1:1:  Trans,  in 
Magnetics,  Vol.  .May-IJ,  977,  1976. 

Professor  NN  . Suetaka  and  his  colleagues  perform  studies  on  the  interface  science  of  metals.  .\  brief 
descriptiv'ti  of  these  activ  ities  follows; 

1 ) .-Adsorption  of  simple  molecules  oti  clean  tnetal  surfaces.  Reflection  IR  spectra  are  used  to  idetitify  the 
molecule  and  its  orientation  adsorbed  on  a metal  surface. 

2)  Iti-situ  observatiotis  of  ititermediates  formed  ott  metal  electrodes.  IKing  laser  beatn  evcitatioti, 
Ratnan  spectra  atui  the  Ramati  resotiance  effect  are  used  for  atialyses  at  the  metal  surface,  at  potetitials 
controlled  by  a potentiostat.  Concentrations  as  low  as  10  ' mol  liter  cati  be  detected.  The  results  are  ap- 
plicable to  the  desigt)  of  catalysts. 

3)  Molecular  orientation  in  thiti  films  on  metal  surfaces.  Otie  example  of  the  above  activities  is  the  study 
of  adhesion.  Cotisider  aluminutn  coaled  with  ilie  polymer  a cyanoacry late.  The  aluminum  as  electro- 
polished  gives  one  IR  spectra  ( Type  H),  the  anodi/ed  aluminum  surface  another  ( Type  A).  The  suuclure  of 
the  polymeric  layer  depends  on  the  type  of  underlying  surface.  Type  H or  1 ype  ,\.  The  reason  is  that  the 
Type  H surface  is  smooth  so  that  linear  growth  of  the  polymers  is  possible,  whereas  the  anodi/ed  surface  is 
rough  so  that  numerous  intersections  occur  as  the  polymer  chains  grow. 

The  same  type  of  research  is  being  done  on  lubricants.  I inear  chain  hydrocarbons  are  found  to  form  a 
prismatic  structure  on  a smooth  metal  surface  at  low  temperatures.  This  siruciiire  is  favorable  for  good 
lubrication,  but  it  is  gradually  disoriented  and  destroyed  with  increasing  temperature.  .-Additives  such  as 
carboxylic  acid  of  the  same  chain  length  as  the  hydrocarbon  lubricant  assist  maintenance  of  the  oriented 
structure  to  higher  lemperaiiire,  but  the  effects  of  additives  diminish  with  decreasing  chain  length.  .-Also  a 
bulky  molecule  such  as  isosiearic  acid  disoricwis  the  lubricant  even  at  low  temperature  and  experiments 
with  different  metal  substrates  (iron,  copper  and  gold)  show  a change  in  orientation  with  metal  species. 
Thus  many  variables  are  being  studied  using  experimental  techniques  to  better  understand  and  improve 
lubricants,  adhesives,  corrosion  inhibitors,  etc. 

l-'uriher  background  and  detail  on  the  surface  studies  are  found  in  Chemistry  Society  of  Japan 
Chemistry  Newsletters,  1 13,  1975;  189,  1973;  Tourth  T'uropean  Symposium  on  Corrosion  Inhibitors,  Ter- 
rara,  Italy  (82ih  Matiifestation  of  the  Turopeati  Tederatioti  of  Corrosion).  67,  1975;  Jourtjal  of  Phys. 
Chem.  79,  1190,  1975;  Surface  Scietice  62,  .308,  1977  atid  Hitlletin.  Chetn.  Soc.  of  Japan,  4S,  2428  atul 
1512,  1975.  .A  paper  on  the  effects  of  additives  iti  lubricatits  is  in  preparation. 

Professor  Ken-ichi  Miratio  of  the  Metal  Physics  Ciroup  discussed  some  experiments  oti  the  elecirotnigra- 
lion  of  carbon  in  iron.  Momogeneous  specimens  are  used  which  cotitaiti  about  0.01  percent  radioactive  car- 
bon. Tlectric  currents  (DC)  are  passed  through  the  specimens  at  various  temperatures  between  5(X)  atui 
l(XX)"C.  Typical  current  densities  range  between  90and  9(X)amperes  per  cm'. 

Over  a period  of  time  (tiol  specified)  the  carboti  .segregates  toward  the  cathode  etui  of  the  specitnen;  a 
difference  of  about  30  percent  iti  carbon  concetitratioti  is  commotily  observed.  The  forces  oti  the  carbon 
atoms  from  the  How  of  electrotis  can  be  calculated  atui  from  this  the  electrotiic  structure  of  the  carbon  iti 
solution  can  be  deduced. 

The  principal  findings  are  that  carboti  has  a true  charge  number  of  about  zero,  from  which  it  is  con- 
cluded that  the  carbon  ion  is  subjected  not  to  the  electrostatic  force  but  to  the  drag  force  from  the  current 


I 


1 


25 


carticis  duiMi>:  i-liviri'iiiit;iaiioii.  Hk-  dciormmaiioii  ihai  ihc  varhoii  lias  zero  (.hai^io  niiinhci  is  hasi-J  on 
ilic  ohsoisaiioii  iliai  the  iliifl  \closiiy  in  a iron  is  proponioiial  lo  ilio  okviric  surioni  ilcnsiis  am)  iliai 
llioicIsiK-  (Ik-  cllcstiso  sluiiiic  luinibei  is  imlciUMulcni  of  clcviric  sinicni  dcnsiis.  Iho  clTiviiso  cliaigc 
luinihoi  devroascs  wiih  iiKreasing  icnipcraiurc.  1 lie  niagneiie  iransfoi niaiion  ofa  iron  affeeis  iheelTeciiu- 
charge  luiniher  in  a wa\  sshicli  can  he  explained  by  ilie  eonirihiiiion  of  the  spin  disoidei  resistixiiv.  I lie 
sindies  on  elect  rinnigi  at  ion  liaxe  potential  application  in  the  purification  of  iron. 

Cirain  boundaries  aKvi  move  by  electroinigration  am!  studies  of  such  nioxenieiit  in  aluniinuin  ha\e  been 
made.  I he  practical  interest  is  in  thin-filni  conductors  and  the  open-circuit  failure  of  integrated  circuits 
which  inxiibe  grain  bruiiularv  shtliisuin.  (filler  inxestigatiirs  are  studying  the  grriwih  of  aluniinuin  single 
crystals  In  eleciriunigraiion  iechim|ues.  Sinne  sleiails  on  the  electroinigration  studies  were  scheduled  to  be 
published  111  .1.  of  \pphed  Physics,  .\pril.  1977.  See  also  Ihiii  Solid  l ilnis,  .f5.f.  1975  (printed  in 
Sw  ii/erlaml). 

Piotessoi  Suto  and  I'thers  ol  the  Stiuctuial  Materials  (iiv'tip  sliscussed  an  interesting  study  on  coni- 
parisoiis  ol  inechanical  piopeiiies  ol  age  hardening  .illoys  m the  iimleiaged  aiul  oxeraged  states.  Alloys 
xxeie  III  the  I e ( u.  I e ( i,  I e Ni  C u.  I e Ni  \lx'  ( . I e ( i'  ( i W . \l  Si  aiul  \l  \g  sysienis,  Lliiileraging  xxas 
Kniiul  ixx  improxe  xluciiliix,  Uxwer  the  xieUl  pi’iiii  .iml  pii'xiuce  a target  strain  hardening  exponent,  at  the 
same  tensile  sttengih.  Allox s with  collet eni  piecipiiaies  fiactiire  easier  in  the  undeiaged  condition. 

Sato  has  also  studied  the  cixsialli/aiion  x>l  xapxxr-slepxisited  anuxrptuxus  cxxpper-silicxm  alloys.  Pure 
silicon  ciysialli/ed  at  5.^()"('.  but  in  C'u-Si  allxxys.  silicon  recrxsialli/ed  at  45()‘'t'.  Ihe  work  of  Sato  may  be 
seen  in  further  detail  111  .11 M,  .(9,  792,  I9t5and  Iians..llM  /’.596,  |9"'6. 

ProfessiM  V.  Sawada  and  others  in  the  Ifeparimeni  of  Metallurgy  haxe  studied  stress  corrosion  cracking 
in  -M  4‘’‘oC'u  allixys.  I he  work  has  sluxxxn  that  Ihe  susceptibility  of  these  alloys  xaries  with  aging  structure 
and  that  the  alloys  xxiili  greatest  siiscepiibiliix  lo  siress-coriosion  cracking  shxxw  ixxvx  pitting  pixientials  cor- 
responding to  pilling  either  ui  grain  boundaries  or  uiihin  grain  bodies.  The  potential  at  the  grain  bound- 
aries is  critical  for  stress  corrosion.  Maximum  suscepiibiliix  occurs  with  aging  ireaimenis  which  produce 
the  maximum  difference  in  the  two  potentials.  Ifetails  max  be  seen  in  .1.I1M,  .?9,  520.  197S  and  C'orrosion 
Science.  /5,  709.  I9‘'5. 

Prolessor  tioro  (fhira  and  others  of  the  l oundry  P'ngineering  Ciroup  haxe  been  studying  directional 
solidilicaiion  in  eutectic  cells  in  eutectic  and  hypereuieciic  mottled  cast  irons,  (fiber  studies  are  on  the 
unidirectional  solidification  in  the  iron-graphiie  (I  e-4.65C',  I e-4. 1 It -1 .77Si  and  I e-4.02t -0.  IS)  and  iron- 
cementite  (l•e-4.28^'-.5.|x(xt'r)  systems.  Vhe  results  are  imetpreied  in  ix'rins  of  solidification  temperature  gra- 
dient and  composition.  Some  of  the  lieiailed  results  are  gixen  in  .lournal  of  C rystal  tirowth,  .?4,  61.  |976, 
and  Inunio.  4(f,  1054,  1974,  d".  10,  1975.  .A  study  ol  the  nuxrplioUrgy  xxf  primary  in'ii  carbitle  as  related  to 
alloying  elemenis  is  gixen  in  Iniono,  47,  562,  1975. 

The  general  impression  is  that  the  depariinenis  of  Metallurgy  Materials  Science,  and  Metal  Prxicessing  at 
lolioku  linixersiiy  are  extremely  xxell-integrated.  well-staffed  and  highly-prxxduciixe.  Professor  H. 
(fikawa  of  the  Ifeparinient  of  Materials  Science  explained  this:  about  ten  years  ago  main  .lapanese  came  to 
study  and  work  in  the  Ihiited  Slates,  because  fellowships  paid  for  by  the  United  States  xxere  plentiful 
and  the  IWiiied  States  enjoyed  a technical  lead  in  most  materials  areas.  Now.  the  people  xvlio  came  to  the 
llniied  States  have  returned  to  .lapan,  in  part  because  the  support  in  the  I'nited  Slates  has  diminished, 
riiey  are  doing  basic  research  xxork  in  .lapan  on  non-directed  university  funds.  Vohoku  I'niversiiy,  as  one 
ol  the  leading  centers  on  materials  research  in  .lapan  has  quite  naturally  attracted  the  xery  best  of  the 
returned  .lapanese  scholars. 
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lOKVOIVSTITl'TKOK  IIX  IINOI  (X;^ 


l oKvo  Insiiiuic  of'  lochnology  ( Tokyo  Kogyo  Daigaku)  cluiracicri/os  itself  as  the  leaslmg  insinutioit  of 
higher  learning  in  ilie  fiehl  of  engineering  aiul  seienee  in  Japan.  After  a \isii  to  hoih  the  O-okayaina  ami 
Nagaisuia  earnpuses,  the  writer  wonki  not  venture  to  argue  on  their  "we're  niiin|ier  I " proelanration.  I he 
liiseiissions  at  the  O-okayanra  cainpirs  were  pr  iinarily  w itli  Tsntoimi  Mon.  Professor  in  the  Departments  of 
Metallurgieal  I'ngineering  ami  Materials  Seienee  anil  I'ngineering.  Professor  A.  Sato,  the  Assoeiaie  of 
Professor  Mori,  also  partieipateil  aetively. 

Professors  Mori  ami  Sato  are  well  known  rn  the  international  tneialliirgieal  eorntminitv  ami  tires  hoili 
have  resiiletl  in  the  I'niteil  States  for  various  periods,  notahly  in  eonneetron  with  aetiv  ities  at  Not  ili  wester  n 
University,  I’rofessor  Mori  was  a post-iloeioraie  in  the  Civil  T'ngineering  Department  at  Northwestern 
University  Iroin  14.^9  tliroitgh  l%l.  Me  was  also  in  resiilenee  from  1%.'  iliroiigh  IdpS  in  the  Materials 
Seienee  Department.  Most  recently,  he  was  at  Northwestern  for  two  months  m l‘U5  iluring  which  penoil 
he  proiliicetl  an  ama/ing  four  technical  pnhiications  in  collahoratroti  with  the  Northwestern  factrliv. 
Another  two-month  iri|i  to  Northwestern  is  seheiliileil  for  the  summer  of  ivC?,  ami  it  vvill  he  interesting  to 
see  if  this  fantastic  proilirctiv its  comimies.  To  complete  the  Northwestern  liniversiiy  comiectiort.  Dr . Sato 
obtained  Iris  Ph.D.  there  in  ld7l.  Professors  Mori  ami  Sato  have  two  major  eiirrem  interests:  I)  work 
hardening  and  recovery  of  dispersion  hardened  materials,  and  2)  stress  effects  on  martensitic  transforma 
tion  and  diffiisional  precipitation. 

With  respect  to  the  first  area,  Mori  stated  that  his  early  iheoretieal  analyses  have  led  hitn  to  his  emrem 
experimental  activ  ities.  Briefly,  he  prodiieed  a series  of  papers  beginning  in  I^Tp  ( Acta  Mei  /.S’:  S>.Jd  ( 

Acta  Met  20:  2d7  (11)72),  .Acta  Met  21:  571  (l‘)7.J).  Materials  Science  and  I ttgineering.  26  .57  (|‘)76))  in 
w hich  he  and  his  collaborators  dev  eloped  a theory  of  dispersivvn  hardening  w hich  reconciles  calcnlations  of 
work  hardening  by  comimiiim  ntechanics  and  dislocation  theory.  Previously  dislocation  theory  met  dif- 
ficulty in  handling  elastic  constants  and  panicle  morphology.  The  theoretical  analyses  of  dispersion 
hardenittg  were  shown  also  to  be  applicable  to  fiber-containing  maieritil  (.-Vela  .Met  2/  .55  ( l‘/7.))). 

The  first  experimental  vvork  appeared  in  1*175  (Acta  Met  22  55  (l')75)).  This  involved  single  crystal 
specimens  of  copper-containing  silica  particles  (via  internal  oxidation).  The  study  was  of  length  change  and 
softening  by  recovery  during  annealing  at  2(X)‘'C'.  The  observ  ations  agreed  w ith  the  theory. 

At  present  the  work  seeks  to  explain  the  effects  of  dispersions  of  particles  upon  creep.  Two  studetils  ;ite 
involved,  studying  the  systems  .Al-Si  and  C'u-SiO..  r BeO.  Orditiarily,  tnetals  are  strengthened  as  a giveti 
amount  of  precipitate  material  is  dispersed  into  snialler  particles;  however  this  may  not  be  true  at  elevated 
temperatures.  Mori  and  his  colleagues  have  show  n,  for  example,  that  softening  during  low  temperature  an- 
trealing  is  sensitive  to  particle  si/e.  ,A  paper  on  this  subiect.  "T'ffeel  of  Partii.le  Si/e  oti  1 ow  Tetnperature 
Softening  of  Work  Uardeited  C'opper-Siliea  Crystals, " has  been  accepted  for  publication  by  Acta 
Meiallurgica.  Particles  25()A  in  diameter  resulted  in  softening  after  20  minutes  at  42''t'  whereas  d(X).A 
diameter  particles  produced  no  sofietring.  Therefore  at  low  temperature  stuall  particles  strengthen,  but  at 
high  temperatures  w here  creep  is  a problem  large  panicles  may  be  preferred. 

The  student  studying  the  Al-Si  system  will  be  eotieerned  with  the  effects  of  one  precipitate,  of  variable 
particle  si/e  as  produced  by  heat  treatment.  The  other  student,  studying  the  Uir  SiO-  r BeO  sysiertr  vvill 
be  involved  with  a composite  dispersion.  These  systems  are  produced  by  the  internal  oxidation  of  C'u-Si-Be 
alloys,  vvhic/i  can  he  produced  at  the  Liniversiiy.  It  also  so  happens  that  the  SiO..  particles  grow  upon  an- 
nealing whereas  the  BeO  particles  are  rather  stable.  Thus  a material  can  be  produced  with  two  dispersions, 
one  with  particle  si/e  which  is  stable  and  the  other  with  panicle  si/e  which  is  variable  and  w hich  can  be  eon- 
trolled.  Mori  hopes  to  demonstrate  that  a material  which  is  strong  both  at  U'w  lertiperaiures  (fine  disper- 
sion) and  at  elevated  temperatures  (coarse  dispersion)  can  be  produced.  The  alloys  used  in  i he  extx’i  imenis 
are,  of  course,  selected  to  simplify  the  experimental  problems.  The  principles  evolved,  however,  should  be 
applicable  to  the  design  of  genuine  refraetory  alloys. 

F’rofessor  Mori’s  second  area  of  current  interest  is  the  effects  of  stress  on  martensitic  transformation  and 
on  diffiisional  precipitation.  Interest  in  the  latter  process  has  focused  about  the  Te-N  system.  Iron-0.5  per 
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cent  N alloys  woio  ptopareil  as  single  crystals,  I lie  ciysials  «ere  i|iiencheii  I'roni  5SK)"('  to  inDiliice  a solid 
solution,  then  aged  at  lempeiatures  beisseen  room  temperature  and  eitliei  undei  siiess  ol  saiioiis 

magnitudes,  or  free  ol'  stress.  It  was  I'ound  that  the  « l e,„N  precipitate  w Inch  lorms  becomes  piogiessisely 
liner  and  crysiallographically  oriented  with  increasing  stress  during  aging.  Stress  m the  |()l  1 1 ditectioti  pro- 
duces precipitate  disks  which  are  perpendicular  to  the  stiess  it'  iti  tetision  bitt  parallel  to  the  sttess  if  the 
stress  is  in  cotnprcssioti.  Residual  stresses  also  ittl'luetice  precipitation.  This  work  is  desciibed  iti  detail  in 
Kin/oku  Ciakkaislii,  I No.  6 (1975). 

W ith  respect  to  the  el'I'ects  ol'  stress  oti  martetisiie  transl'ortnaiion,  Mori  has  showti  the  esistetice  ol  a 
letnperaiure,  Ma,  which  is  dil'I'eretii  I'rotn  the  tnariensiiic  I'ortnaiion  temperature  M,  which  obtaitis  iti  the 
absetice  oi'  stress,  Delortnatioti  of  the  metal  above  Mj  is  by  slip,  below  Mj  by  tratisl'ortnatioti  to  marteti- 
siie. .Accorditig  to  Mori  the  process  itnolses  the  tnotioti  of  partial  dislocatiotis.  l urther  details  are  giseti  m 
a series  of  papers.  See  .Acta  Mel  22  1 .1  (1974)  and  .Acta  Mel  24  85.5  (1976).  .A  paper  entitled  "C  otitribution 
to  the  y - £ Tratisfortnaiion  of  Staitiless  Steel  Sitigle  Crystals,"  by  .A.  Sato,  ■)■.  Sutiaga  atul  1'.  Mori  has  been 
accepted  for  publication  by  .Acia  Metallurgica. 

The  visit  to  the  O-okayatna  campus  concluded  with  a laboratory  tour.  The  highlight  was  the  tiew  Hitachi 
H-’(X)  2(K)  tratistnission  elect roti  tnicroscope,  w hich  features  the  routitie  attaitnnetit  of  2(X)  K\'  atid  thus 
offers  better  resolution. 

T he  meetings  at  the  Nagaisuta  campus  took  place  at  the  Research  1 aboratory  of  Precision  Machitierv 
and  l-lectronics,  one  of  the  research  itistitiites  attached  to  the  National  Ihiiversities.  The  tnission  of  this 
I aboratory  is  to  study  the  basic  theories  in  precisioti  engitieeritig  atid  their  application  to  itidustry.  The 
1 aboratory  is  organized  to  foster  itiierdisciplinarv  itiiei action  atnotig  prectsion  tnachitierv  etigitieers,  elec 
trollies  engineers  and  meiallutgists.  Among  the  fourteen  I'fivisions  of  the  I aboratory,  the  writer  visited 
two,  the  .Materials  .Sciences  Division  with  T’rofessor  Shigetomo  Nunotnura  the  priticipal  cotitact.  atid  the 
Heal  rreaimeni  Division  vv  iili  T’rofessor  Fomoo  Suzuki  the  priticipal  contact. 

The  visit  began  with  a tout  of  the  Nagatsuta  catnpus  atid  the  Research  1 aboratory  of  I’recisioti 
Machitiery  atid  T'lectronics  in  particular.  Fliere  is  an  enormous  amoutii  iif  coiisiructioii  of  rather  im- 
pressive building  underway  at  this  new  atid  only  partially  completed  catnpus.  T he  graduate  school  of  the 
D-okayatna  Campus  is  scheduled  to  move  to  the  Nagaisuta  campus  iti  1977  and  the  I aboratorv  of 
F'ligineeriiig  Materials  (another  research  institute)  in  1978. 

W ith  the  exception  of  the  tievv  electroti  tnicroscope  at  the  D-okayama  Catnpus,  the  writer  was  sliow  ti  lit- 
tle in  the  way  of  sophisticated  equipinem.  Tti  otie  completed  builditig,  for  exatnple,  the  hosts  poitited  to  tlie 
spot  (very  clean  and  very  ready)  where  the  electron  tnicroscope  will  go,  if  atid  when  the  Ministry  of  I duca- 
tion  conies  up  with  the  funds. 

In  the  Heat  Treaitnetit  Div  ision  (a  refreshing  departure  frotn  the  vogite  of  itiventitig  pretetitious  titles). 
Professor  Suzuki  discussed  brielly  a nutiilver  of  activ  ities  w hich  are  highlighted  as  follow  s: 

1)  l-'iber  Composites  — one  siudeiil  is  trying  to  strenglhen  polymers  with  glass  and  carbon  fibet.  The 
goal  is  light  weight  coupled  with  high  modulus  for  aircraft  application.  No  specific  results  were  described. 

2)  In-Siiu  Composites  — the  interest  is  in  the  effects  of  ihertnal  cyclitig  on  directiotially  solidified  cotn 
posiics  such  as  Al-Ni.AI.  Such  cyclitig  produces  severe  dimensional  changes  in  aligned  phases  according  to 
Suzuki.  This  may  complicate  the  prospective  use  of  such  materials  in  high  temperaiure  applications  involv- 
ing thermal  cyclitig.  There  is  severe  growth  and  twisting  of  the  .Al-Nii,Al  composite,  for  example,  after  a 
few  thou.sand  5-10  minute  cycles  frotn  room  teinperaiure  to  5(X)‘’C.  The  work  being  done  involves  lower 
melting,  experimentally  tractable  alloys,  but  the  hope  is  that  the  futidamentals  of  cotitrollitig  atid 
understanding  the  dinieiisional  instabilities  which  are  developed  will  be  applicable  to  the  design  of  refrac- 
tory directionally  solidified  composites. 

.5)  Properties  of  Ni..AI  — there  is  an  interest  in  studying  fuiidamentally  the  anomalous  increases  in  hard- 
ness of  this  compound  with  increasing  temperature.  Fhe  hardness  of  this  important  phase  (7')  in  high 
temperaiure  alloys  may  increase  by  a factor  of  two  or  three  between  room  temperature  and  8(X>'X'.  No 
specific  results  were  described. 

4)  Hydrogen  effects  — the  effects  of  hydrogen  on  properties  such  as  electrical  resistivity  and  upon  M^ 
temperature  are  being  studied.  ,An  apparatus  to  charge  gaseous  hydrogen  into  specimens  at  2(X')  at- 
mospheres and  SOO^C  has  been  as.senibled.  .An  internal  quench  tank  is  an  added  (and  necessary)  feature. 
Suzuki  has  published  a paper,  “Effect  of  Hydrogen  on  the  M^  Temperature  in  Fe-Ni  and  I'e-Ni-f,"  First 
Japan  Institute  of  Metals  International  Symposium  on  New  Aspects  of  Martensitic  Transformation.  Kobe. 
May  10-12,  1976  (Supplement  to  Trans.  JIM.  V 17  (1976).  The  paper  is  in  collaboration  with  ,1  .C.  Shyne  of 
the  Division  of  Materials  Research.  National  Science  Foundation.  This  work,  which  shows  that  hydrogen 
decreases  M,  comparably  to  other  interstitial  solutes  such  as  C or  N,  was  done  in  pan  wtiile  both  authors 
were  at  Stanford  llniversiiy. 
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In  iho  MaiiTuiK  Sooncf  Duisu'n,  1*ioIcxm'i  Nunoimii.i  '■iiulio' m l.iiiguc  >.i.kk  j-iinMli  talcs 

ol  alUns.  I tic  jti'al  is  lo  relate  the  eHeets  iit  iiieialhii  jrieal  sii  ueitiie  (as  intUienecsl  In  eoniposiiioii  aiul  heat 
tieatiiient)  aiiil  such  iiieehaiiieal  laets'is  as  mean  loasl.  sness  mteitsiiv  laetoi  laitite,  petioihe  ineiliiaJ,  etc. 
Niiniiiitma  is  alsi>  attenipiin.e  tt'  ileieiinine  laiiitne  ihiesht>UI  iapiiil>  In  a pioitiammeil  ileetease  in  AK 
leiaek  ain'st).  At  the  same  time  he  ilenies  the  eMsienee  ol  a laiieue  ihieshoki.  Inn  the  eoniiasheiion  ap 
f peais  to  he  .1  iiiaiiei  »'t  iletmiiu'ii  nith  lespeet  to  imeio  aiul  maeio  s'hset \aiions.  1 he  evpei inienis  aie  cut 

lenih  heiiij;  perloimesi  mill  Al  speeinieiis.  C rack  itiomh  late  is  inoniiounl  In  a tune  lapse 

Iphotv'j;iaph\  metiuni,  \s  Inch  pet  haps  highlights  the  mihalanee  hetween  es|mpnieni  aiul  IniiMings. 

A lunel  appioaeh  to  iiK'asnie  the  plastic  /one  ihiectU  m ceiiani  steel  alUns  was  also  ilesciihcil.  Hie  tiick 
IS  to  siiess  01  latigue  a pieciackcsl  specmien  in  the  lenipeiaime  leguni  hetween  aiul  M^|.  Hie  mcieasesl 
stress  (strain)  in  the  plastic  /one  puniiotes  the  iranstoniiaiion  to  inaiteiisiie.  aiul  the  niaiiensiie  then  setses 
. to  siecorate  the  plastic  /one.  Accouling  to  Nutionuiia  the  leietse  plastic  /one  can  also  he  ilehneateil.  1 Ins 

woik  has  heen  siiiiiiiiaii/eJ  m a papei  einnieil  "Hireci  Aleasmenieiii  v>l  IMastic  /ones  m Sule  Chooveil 
I raciiiie  roughness  S|secniiens"  to  he  piesenieil  at  the  lomih  Inieinaiioiial  C'ongiess  on  I lactiite, 
I NN  aterloii,  C'aiuula.  lime  l‘)-24,  H)"’"'. 
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THK  UNlVKRSn  Y OF  TOKYO 


The  University  of  Tokyo  is  about  100  years  old  and  was  the  first  in  Japan  to  orient  itself  toward  the 
Western  W’orld.  The  first  elasses  in  science  and  technology  were  in  fact  taught  by  foreign  professors  who 
were  employed  to  introduce  these  subjects  which  were  not  at  that  time  advanced  in  Japan,  at  least  com- 
pared to  European  technical  levels.  With  this  headstart,  the  University  of  Tokyo  led  the  way  toward 
westerni/ation  and  apparently  has  educated  many  of  the  nation’s  leaders  in  government  and  industry.  The 
standards  of  admission  are  e.xtremely  high  and  the  examinations  upon  which  entrance  is  based  absolutely 
are  referred  to  as  pure  "hell.” 

As  a matter  of  firm  policy,  the  University  of  Tokyo  remains  outside  of  partisan  politics.  Members  of  the 
faculty  serve  as  special  advisors  or  on  committees  of  agencies  such  as  the  Science  and  Technology  Agency, 
Ministry  of  Education,  Ministry  of  Transportation,  Ministry  of  Construction  and  the  Environmental 
Agency.  The  two  professors  visited.  Professor  Y.  Asada  and  Professor  K.  lida,  are  for  example  heavily 
engaged  in  research  associated  with  pressure  vessel  technology  and  shipbuilding,  and  they  interact  directly 
with  such  organizations  as  the  Power  Reactor  and  Nuclear  Fuel  Corporation  and  the  Ship  Research  In- 
siiiutelboth  governmental  organizations). 

Professor  .Asada  is  associated  with  the  Department  of  Mechanical  Engineering  and  is  pursuing  several 
problems  in  high  temperature  low-cycle  fatigue  and  on  cyclic  strain  induced  plasticity,  strain  induced  creep 
and  recovery.  For  example  he  is  currently  studying  the  effects  of  hold  time  and  strain  rate  on  low  cycle 
fatigue  of  type  .J04  and  type  316  stainless  steels  at  6.‘'0°C.  This  temperature  is  of  interest  because  it  reflects 
the  reactor  temperatures  where  type  316  may  be  used  as  a cladding  material.  The  test  specimens  of  Asada 
are  of  the  hour-glass  type,  6 mm  in  diameter.  The  load  cycle  is  triangular  and  involves  both  tension  and 
compression,  but  the  holding  periods  (of  one  to  sixty  minutes)  are  always  during  tension.  Tests  are  con- 
ducted in  a vacuum  of  1 x lO"''  torr. 

One  paper  on  their  work  will  be  presented  by  Asada  and  several  collaborators  before  the  3rd  Interna- 
tional Conference  on  Pressure  Vessel  Technology  to  be  held  19-22  April  1977  in  Tokyo.  Other  papers  have 
appeared  previously  (see  Annual  Report  of  the  Engineering  Research  Institute  3/91  (1972),  Proceedings  of 
the  International  Conference  on  Creep  and  Fatigue  in  Elevated  Temperature  Applications,  Sept  1973, 
Sheffield,  U.K.  1974). 

Asada  was  most  interested  in  the  work  of  Shahinian  and  others  at  the  Naval  Research  Laboratory. 
Shahinian  has  attacked  similar  problems  but  measures  crack  growth  rates  in  precracked  specimens.  Asada 
has  considered  the  effects  of  notches  (Proceedings  of  the  2nd  International  Conference  on  Pressure  Vessel 
Technology,  San  Antonio,  Texas,  1973)  but  apparently  leaves  crack  growth  rates  to  others  at  this  time.  A 
colleague  of  Asada  at  University  of  Tokyo,  Professor  FJ.  Okumura  is,  however,  conducting  fracture 
mechanics  type  tests  with  crack  growth  measured  optically. 

The  work  of  Asada  and  others  on  plastic  strain  was  presented  in  part  before  the  International  Con- 
ference on  Creep  and  Fatigue  in  Elevated  Temperature  Applications,  Philadelphia,  1973.  A new  paper  on 
“Accumulation  of  Longitudinal  Strain  Under  Cyclic  Torsion”  will  be  presented  before  the  4th  Interna- 
tional Conference  on  Fracture,  19-24  June,  Waterloo,  Canada.  (It  appears  that  Waterloo  will  become  a 
Japanese  enclave,  to  judge  from  the  numbers  planning  to  attend.) 

The  plasticity  work  of  Asada  is  done  on  several  rather  intricate  but  well-conceived  machines  which  pro- 
vide torsion  plus  push-pull  strain.  By  measuring  the  push-pull  plus  the  torsional  strains,  the  total  strain  can 
be  determined  and  comparisons  made  with  theory.  A hollow  cylindrically  shaped  specimen  42  mm  in 
diameter  is  used  (currently  type  316  stainless)  which  costs  $500. 

Professor  K.  lida  is  associated  with  the  Department  of  Naval  Architecture  and  this  visit  began  with  a 
tour  of  the  laboratory.  The  laboratory  features  an  assortment  of  machines  designed  to  test  specimens  and 
components  for  fatigue  resistance,  brittle  fracture  resistance  and  general  strength  characteristics.  One 
machine,  for  example,  can  apply  600  tons  to  brittle  fracture  specimens,  thus  allowing  sections  of  several 
inches  of  thickness  to  be  tested.  There  is  also  a 50-ton  cyclic  load  bed  to  study  high-cycle  fatigue  and 
another  50-ton  bed  to  study  low-cycle  fatigue,  under  servo  cotitrol.  A 400-ton  Amslcr  type  loading 
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riiachiiic  lot  stain.'  loads  was  apparcnily  the  scene  ol'  Professor  Kaiia/awa’s  famous  double  leiisioii  test 
de\ eloped  some  years  ago.  I bis  test  leaiures  a small  tensile  “ear”  with  crack  starter  notch  machined  from 
but  still  attached  to  the  larger  specimen  to  be  tested  for  resistance  to  brittle  fracture,  fhe  small  “eat" 
serves  to  start  a crack  traveling  into  .he  larger  section.  I he  test,  similar  H)  the  liSSO  and  Robertson  tests,  is 
very  espensive  but  was  useful  in  earlier  investigations. 

It  vvas  interesting  to  see  some  of  the  smaller  fatigue  machines  and  specimens  which  were  duplicates  of  the 
fatigue  machines  used  earlier  by  b.  I ange  of  the  Naval  Research  1 aboraiory  to  test  uimolched  specimens 
in  low-cycle  f.iiigue.  I ange  is  well  known  to  these  investigators  at  University  of  Tokyo.  These  particular 
machines  are  being  used  to  test  welded  joints  of  9 percent  nickel  steel  for  pressure  vessel  carriers  of  I NCi 
(=:  -I6()°C',  1..“'  psi  gage).  I he  Department  of  Naval  Architecture  is  also  studying  acoustic  emissiott  as  a 
means  of  following  the  processes  of  fraettire.  One  test  observed  in  progress  itivolved  a 4-point  bend 
specimen.  I he  acoustic  emission  sensors  were  being  used  to  follow  the  plastic  deformation  and  cracking 
processes. 

lida  presented  a tall  stack  of  reports,  many  of  them  very  current,  which  shows  that  he  is  a most  prolific 
researcher.  His  high  stature  as  evidenced  by  his  invitations  to  serve  on  high  level  committees,  boards,  and 
international  advisory  and  control  or  regulatory  groups  is  very  understandable.  One  of  the  subjects  ott 
which  lida  has  published  extensively  is  on  low-cycle  fatigue,  how  cracks  are  initiated  and  grown  by  this 
process,  and  how  this  relates  to  design  and  fabrication  processes,  especially  of  large  ships  and  pressure 
vessels.  Me  has  been  interested  in  the  related  areas  of  the  effects  of  tiotches  and  weld  defects  on  fatigue 
crack  initiation  and  propagatioti.  Ihe  fatigue  spectrum,  or  shape  of  the  fatigue  cycle,  has  also  been  in- 
vestigated. Recently  he  has  been  working  with  Dr.  M.  Kawahara  of  Nippon  Kokan  Rabushiki  Kaisha  to 
develop  an  expression  for  the  propagation  rate  of  a fatigue  crack  from  a surface  flaw.  I his  work  (see 
report  on  visit  to  Nippon  Kokan  K.K.)  attacks  the  problem  of  variation  in  crack  front  morphology  depen- 
ding on  stress  system  (bending  or  tension)  (see  MW  Doc  I.TS()2-76,  IIV\'  Doc  1.1-790-7.'!,  IIW  Doc 
I. 1-801-76). 

lida  and  collaborators  presented  papers  at  the  Third  .Acoustic  Kmission  Symposium.  Tokyo,  1976, 
describing  acoustic  emission  during  fibrous  brittle  fracture  and  during  the  low  cycle  fatigue  of 
hemispherical  pressure  vessel  models.  One  interesting  finding  was  that  in  the  case  of  brittle  fracture  not  ac- 
companied by  a fibrous  crack,  there  is  almost  no  previous  signal  by  acoustic  emission,  hence  no  way  of 
detecting  the  initiation  of  brittle  fracture.  However  most  common  structures  do  not  fail  in  a completely 
brittle  manner,  and  acoustic  emission  does  signal  the  initial  fracture  processes  in  these  cases. 

Most  recently,  lida  presented  a paper,  “Comparison  of  Tatigue  Strengths  of  Steels  Under  Deflection 
Controlled  Bending  and  Strain  Controlled  Axial  I.oad  Cycling,”  at  Ihe  2nd  International  Conference  on 
M echanical  Behavior  of  Materials,  16-20  August  1976,  in  Boston.  paper  on  “Tow  Cycle  Tatigue 
Strength  of  Steels  and  Welds  in  Relation  to  Static  Tensile  Properties,”  is  scheduled  for  presentation  at  Ihe 
4th  International  Conference  on  Traciure  at  Waterloo  (where  else?),  19-24  .lime  1977.  This  paper,  in  col- 
laboration with  T.  Fujii  of  the  Ship  Research  Institute  in  Mikola,  claims  to  show  that  the  total  strain 
amplitude  in  reversed  strain  cycling  can  be  predicted  by  sialic  fracture  ductility  (R.\)  and  ultimate  tensile 
strength  within  an  accuracy  of  40  percent.  The  v isible  crack  initiation  life  must  also  be  known. 

Brvth  lida  and  .Asada  were  apologetic  about  the  lack  of  modern  equipivicnt  in  their  laboratories,  par- 
ticularly with  respect  to  the  computeri/ed  control  of  tests  and  data  retrieval  and  analysis.  However,  the  im- 
pression vvas  that  there  is  much  in  the  way  of  human  ingenuity  at  University  of  Tokyo  now,  which  a flood 
of  new  machines  might  erode. 
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Scvcial  itcpaiiiiK'iUs  ol  il\o  V*<kv>liaina  Naiumal  tai\)ltv  ot  cngmoctiiif!  \ iviicil  on  iliis  oi 

lasion.  1 Ik-  pmuipal  Ik'M  was  I’loli-ssoi  S.  Oki.  who  tiul  much  inoic  (han  was  cvpccicil  oi  u-i|imal  loi  .1 
saiislactois  i-schangc.  I hcec  was  noi  much  iliscussiou  ol  the  lusU'iy  ol  ilus  msiiiuiiou.  hui  ii  was  osiah 
hshcii  lhai  ouIn  masioi  s ^Icgicos  aio  s'\iu!cih'vI  aiul  ihai  (he  sclu'ol  is  ui  pioccss  ol  luoviug  10  au  cuiiicK 
new  campus  some  10  I'  kilomclcis  away.  1 he  move  will  he  compleieil  m ' 01  4 \eais  Meanwhile,  ihe  e\ 
isimg  campus  is  somewhat  imi  ilowii  aiul  geiieiallv  iieglecieO  iiisolai  as  eosuieiic  values  aie  coiicei  iievl 
I’lolessoi  Oki  viesciihevi  the  KO/A  sysieui  ol  lapaii  which  is  a leseaich  ot  piolessoital  utm  consisting  ol 
a iiiolessoi,  associate  pn'lessoi  plus  assisiaiiis  01  leciiiieis  ami  giailiinie  simleiiis  lu  a given  iiiiiveisuv, 
each  K()/ A is  giaiiieil  au  uleiiiical  amomil  ol  money  loi  leseaicli.  although  iheie  aie  ihHeieiices  heiweeii 
lechmcal  viepaiiiueuis  aiiil  liheial  ails  viepai imeiiis.  Ol  pei https  giealei  mieiesi.  iheie  ate  siguilic.im  ihl 
leieuces  111  the  money  allolievi  (In  the  Mimsiiy  ol  1 vliictiiiou)  to  KO/  A’s  ol  vhlleieiii  timveisuies  I hits  a 
KO/  A at  Ihiiveisiiv  ol  Tokyo  leceives  moie  moiiev  ihaii  ti  kO/  A at  ^ okohama  limveisiiv  Oueileieimm 
mg  lacioi  III  tins  is  the  highesi  ilegiee  olTeieil,  ami  as  siaieO  eailiei.  Vokohauia  olleis  oiiK  ihe  lu.isiei's 
ilegiee. 

The  usual  pieseiiiaiioii  011  aciiviiies  ol  ONK  ami  NKl  was  well  leceiveil  ami  iheie  was  coiisuleiahle  m 
leiesi  III  how  this  svsiem  o|veiaies  wiihiii  Ihe  oigaui/aiioii  ol  the  neleiise  Depaiimeui  Tlieie  is  sull  some 
vhi  riciiliv  among  Ihe  lapaiiese  in  v jsiiah/iiig  a vleleiise  aciiv  iiv  which  is  piimaiilv  a ihiiisi  ai  hasic  science 
rieseiiiiilioiis  timl  vlisciissious  Tolloweil  aiuoiig  ;i  mmihei  ol  piolessois  at  ^ okolitimti  Naiioiitil  I hiiveisi 
IV.  The  simleiiis  ol  I’lolessoi  V.  Wtula  imulea  valiaiii  elloii  loevplam  iheii  woik  m the  aieas  ollivihogeu 
emhi iiilemeui  ami  smiace  sell  vlillnsiou.  With  lespecl  10  hyiliogieii  emhiiiilemeiii,  11  vvtis  ohseiveil.  111  the 
case  ol  pme  iioii.  ilial  mcieasiiig  ciiiieiiis  ol  caihovhc  chaigiiig  piovliicevl  a ileciease  111  the  How  siiess  ol 
leiisile  specimens.  On  the  oihei  htiml,  mei easing  chaigiug  ampeitiges  011  tm  M T SO  su-el  (I'.lWf,  O.’.j  Si. 
(VS^  Mu,  0.^1  ( 11,  O ')  Ni,  0.42  ( 1.  0.42  Mo.  0 0.1  \',  0.002  11)  pioihicevl  a prog;iessivelv  mcieasiiig  How 
sliess. 

To  e\plam  these  ellecls.  specimens  ol  au  II I hO  steel  weie  chaigevi  ai  0.2.  1 .0.  10.  40,  ami  1(K>  uiA  cm 
ihiiiiig  leiisile  lesiiug.  .Specimens  chaigevi  ai  40aml  100  m,A/cm’  weic  appaieulK  vlamagevl.  The  •Mamage" 
mcmietl  can  he  evpltiiueil.  aecouliug  lo  Wtula.  oiilv  hy  the  mleiticlioii  helweeii  "ticlive"  hvihogeu  timl 
ilisloctilioiis. 

Ihe  siiiltice  sell  vlillnsiou  is  simlievi  hv  Wtula  tiiul  his  simleiiis  esseiiiiallv  In  simlviug  ihe  itiie  v'l 
smooihiug  ol  ginovevl  speeimeiis  as  a rmiciioii  ol  lempeiaime.  The  maieiitils  mvolvevi  have  heeu  T pei 
ceiii  l I sieel,  piiie  Ni  aiul  I peiceiii  ,\l  Te.  Wtula  couieiuls  ihtil  the  smltiee  leltivtiiiou  I'cciiis  In  volume 
vhl  I iisivvu,  sill  I ties'  ill  1 1 11  si  V in  timl  v*v  tipvii  aiuvti  cvviuU-usai  ivvii  I le  Itiv  vvi  s 1 he  iiitiss  1 1 tmslv-i  iiu'chamsm  vim-  iii 
Mullins,  whovleseiihes  ihe  sohiiiou  lot  the  smooihiug  ol  a siuusoulal  meiallic  sm  lace  111  vtuiimu 

I’lolessoi  Oki  viesciihetl  hiiellv  Ins  wvuk  on  hoi  leaiiug  ami  in  paiiiciiltu  ihe  leltiiuvu  heiweeii  ci'ohug 
itiie  timl  ll’.imtil  sness  m casimgs  vlmiiig:  svilulilictilum  timl  suhsenueui  ev'ohiig  (luieiutiiuvmil  Ti'iimhv 
Cougiess.  Helgitule,  ^'llgoslt^v iti,  I')(i‘))  Oki  is  pieptliiiig  ti  ptipei  011  Ihe  Ihemv  ol  lu'l  letiiiiig  lot  suhinis 
sum  10  Ihe  lapaii  Iioii  ami  Steel  liisiiiiile  eiiiiilevl  “ Theoieiical  Simlv  ol  lloi  leaiiug  111  Skm  Toimmg 
Soluhlicaiioii.”  He  also  viesciihevi  some  veiv  mieiesimg  leceiii  vvoik  vm  the  tiiv'iim  luvvvlel  vvT  civst,ilh,-ti 
liv'u.  Iliisicallv,  he  puls  many  small  steel  h.ills  ivn  ti  pitiie  suhii'cl  10  vihitiiu'ii.  hut  v'ue  eiul  ol  ihe  pl.iie  is 
vihitiievi  wiih  gieaiei  ampliluvie  ihaii  iheolhei.  Hv  slowlv  vieci easing  ihe  amphimle  geueiallv.  he  can  show 
lunv  civsitils  inieleale  ami  grow.  Me  ctiii  tiKvi  movlel  ihe  piocesses  ol  uielimg,  hv  gituliitillv  mcietisiug  the 
vihiaiioii  tmiphimle.  This  vvoik  has  heeu  viesci ihevl  in  IMONO(I OliNOKM.  Vv'l  4.S  Nvv  S.  I')'(i 

I’rolessvn  Astikiiia  viesciihevi  wvuk  vm  eoiiliol  oTcoiiv'sivm  which  his  gioup  is  ilvvuig  m ihe  nep.iilmeul 
ol  Stileiv  Tiigitieetiiig.  .Saleiy  ami  Tiiv itoimietiial  Tiigmeeiiiig  has  hecouie  impoiitiiii  m laptiii  in  leceui 
years,  ami  in  cvmsev|iieuce  this  new  viepariuieui  was  cicalevl.  Tativ  cTloiis  have  heeu  vlnecu-vl  lowaul  the 
vlevelopmeui  ol  a eoiiosivm  rale  lesi  meiei  which  measiiies  cvuivvsivm  itiie  liv’iii  pv'laii/tiiiou  til  ti  vlisitiiue 
I heie  aie  also  expei imeiils  viesigiievi  10  sitmilaie  polluiivm  ami  ihe  vlilTiisivm  ol  pvvlhii.iuis  m wtuei  Hvuh 
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ilu'  I'l'lliil.ini  .iMvl  iIk'  Ji'li'v  Ill'll  I'l  iIh'  I'i'lhil.inl  .tu’  ul  mu-u-M  I imiu'  pl.iiiv  iiu  liiili'  UM'-  nl  > oi  ii'vii'ii  I'l 
I'i'lllll.llll  ii  III  .1  'll  U'v'i  I'll'  II  I'llllli'lll 

I'l  K Viiilo  iIv"m  I il'v''l  III' iiiu'i ''''iiiii' " >'i  li  III  ill'' 1 iil'i'i 'll''! ' I I'l  M.iu'i  i.il' K'l  I lu'i  '"'ii'iii'  II'  i' m 
i''u''i'''l  III  I'liilli'  li.i'Hiii'  I'l I'l'U'iii'  "illi  |'l^•"llI^'  "''"'I'  .mil  "iili  l.iifH'  "il  l.mk.i)’''  'i'"'l'  IK'  li.i' 
ill''  i'l«'|'''il  .1  'Mill'll  I H'l  .iiul  > lu'.ii'i'i  I '''I  U'  ,1'"'"  "'I'l  ' i.K  kmc  •il'i'i  " 'I'lmc  ni  Inc  I'  'lu’iic-lli  'l^'l■l  I K li.i' 
•il'M  'Ui'li'''l  l.mcii''  li.Miiiu'  ii'iicliiu'"  I'.ii .im''i''i ' aiul  iK'i i il'i''  .i  l.inc-U''  li.i'iiiu'  I''iicI'ik'"  |'.M.mK't''i 
"Ki  " "Ill'll  .il".i"  1'  l''"''i  lli.m  K|,  IK'ih  I'.ii.mu'U'i' vl''"i'.i"'  "iili  'li'>  i ''.I'lnc  l''m|'''i  .n  nii'  I lu‘  'if''!' 
"Mil  "hull  Vii'li'  I'  "'M"'i iH'l  .11''  'imli'  M'licli  .iM'l  'll’"  'i.i'k  ri'"'ili  m'''l"''l  m li.umi''  MK''li.mK' 
I'-'l'  I K'  I'  ll\''i'  l''i''  It ' me  I''  'I'  l ' I''!’  Ill''  ''I  1 1"'  I mU'c.i  .il  l"i  'm  li  .m.il\  "'' 

\iul''  I'  .il"'  111' '''lic.iimc  ill''  mili.iii''ii  i'l  I'liiiU'  li.uliiu'  li"m  ll"'  iK'K''i'  m "I'UI'  'luli  .i'  l.u  k >>1 
l'''iK'i I .Mil'll  \'  .1  "lii'I'l"  " 111'  I'  .ll"'  mu'i'''i'''l  m ill'-  I'l  K'v  I <'l  l'■m|'''I.Mm''  I'li  I.uic.M''  ' i .k  k ci'"'  ili  ''H'' 
.iml  ''M  ilu'  I'l. I'll'  .'''lu'  'i.c  lU'.M  ilu'  l.mc.M''  vi.uk  \m'I''  I'  .1  lull'  'iii.ilili'''!  N.ii.il  .luliiU'vi  ;i'  "''II  .i'  a 
IM.IU'I  l.ll'  ''MCMI''''I  1m1|'''I  l.ml  I'.IP''!'  I"  \iul''  .ll'l'l'.ll  III  I)  ll'lli'kll  rMI'''l'll\  1 lu''l'.  I‘'('''.  2)  I’l'' 

"'I'llmc' >'1  .'M'I  Imu'i  ii.mu'ii.iI  ' ''mK'u  M"' I'li  \K\li.mu.il  l’l''|''■tlH''.  U'"I''m.  M l''mM.il''l  Soiioii 

I'l  M.iU'i  l.ll' S' ii'M"'.  I.ii'.m.  \ ''I  ."'.No  .'('.S,  I' 

I’l  ''I '''"'I ' 1 K.miii''  .iiul  K sok  1 MO  .M ''  IMU'I  O'lO'l  iii  iKI  i'imi.iII''M'  .mil  .mii''.ilMic.  iomim  O'  .iiul  ni'i'ii  llio 
IMlIllOM"'  I'l  IOMIM''  I'll  'll  0"  'OI  I'l'Il'M  01  .1'  kmc  ''I  M .ill'"  '•  III  ''•'ll  "'IlMli'M'  \ .11  l.llll'll'  Ml  'M''0|'I  ll'llll  \ 
"Mil  I O'l'O'  I I'l  I'l  0 1 01  I I'll  ''I  I0IH.II1''I1'  ll.ll  0 I'OOM  ''l"l'l  lO'l  No  'I  .uk 'l.ll  101  lO'l'  ll.l'O  l'''0M  .1II0M1|'U''I  I’oi 
I moil  I I'.i  I'l’i ' .110  I'lil'li'liO'l  111  11  I ''III  ll.ll  'll  Sa  I I'l ' I lu*  MU'oi  MIC- . ^ I'k  I'li.mi.i  Nal  ii'iial  I mi  I'l  'll  i , \ i'l  1 ■! . 
No  I'l''',  .'H  i.iii'.uii'iii'  I I M . \ I'l  l.'.N'i  \t.i'  I ' 1 . .IM'l  'll  I .Mi'a'lii'ii'  I 1 M . \ I'l  I'. 

K.miiii'  .ll"'  'i.iio'  ili.ii  ilio  '111'  iiliii  I'l  l.i"'  'OiMoiO'l  'iil'io  moial'  'lopoiul'  I'li  ilu'  'laokmc  laiili  ''iioic'. 
lompoi.ilmo  .IM'l  MMii.il  I'l lOMl. Mil'll  K.miiii'  li.i'  'lii'lioil  ilio  U'lic.ii Milm.il  "I'lk  h.iulomnc.  i.ilo  >'1  M.  ' ii, 
.IM'l  ' M \1  .ill''"  I lio  .I'l'Illl'MI  ''I  \1  U'  i M 'll'l  I 0.1"''  '1.1'  kmc  I .Hill  ''1101  C-'  .Mill  I III’  1 1 l''|MOM'  ' i'l  'loli'l  Ml.l 
ll''M  I"  Ml'  'll'  I O.I'O' 

l’i''IO'"'i  IcMilii  I'  'Hiihmc.  ll'l’  Mi'll  'U'K liu'iiu'ii  10  'i.uo'  I'l  iiaii'iiu'ii  moial  I'Milo'  lie  lia'  ioiimiu'iI 
''111'  l'•'Ollll^  lii'iii  ilio  I'mioi'ii'  I'l  IKailK'i'l.  iioai  1 ooil'.  "lioio  ho  'niihoil  Un  I'li'  lo.ii'  "iih  K I M 

1 llloi  Ilio  "Olk  ll.l'  lO'llllO'l  Ml  'MU'  pill'lu.lIl'Ml  Ml  lIlO  ll.lII'a'IU'll  ''I  till'  I’llll'l'OpllU'al  S''OK'l'  'll  ilio 

K'".il  S'l'ioii  'll  1 ''lul'iii  (‘'Ilio  I I. I'll'  Siiam  1 iioic'  ''I  ^ i"iall''ciapliio  Slioai  I’laiiO'  m Ko'lii"''! 

1 imc''ioM  1 iioM'lo"!  1 ho  p.ipoi  "ill  .ippoai  m Ma\  I'l”  \ 'mI"0'1Moiii  papoi  oiiiiik''!  ‘'Sii.mi  I iioic'  IK- 
i"''OM  r.M.illol  iiHH|  c I "lalli'C-i .iphio  Slioai  I’laiio' m Koihiooil  1 mic'-ioii  liu'vulo'"  "ill  ho 'iil'iiiiiiO'l  U' 
l’hil''"'phio.il  M.ica.'iiio  'I'oii 

Ic.ii'lii''  "I'lk  I'  I'.i'u.ilK  iho  o.iU iilaiu'ii  ol  iho  ola'iio  'iiam  onoic'  'hio  U'  oii'ialU'Ci.iphu  'hoai  ''ii 
pl.mo'  Kmc  iiP'Mi  iho  { lil'l.  ! ll"!  aiul  iiH'll  plaiio'  (.■aloiilaimc.  iho  oa'O'  ol  Ki'ih  i"'laK''l  'hoai  pl.mo' 
.Mill  I'M  p.iii'i'l  'hoai  pl.mo' ho  I' al'lo  K' O'lMiiaio  iho  ohi'iu  'll  am  oiioi  c-'  poi  mm  '''ImihoKm  ''i"I.iI'"'m 
i.immc  ''I'loiO'l  .111.1"  'll  ' I "Uilli'C-i aphio  'hoai  plano'  Ic.iuhi  'aUiihiiO'  ih.ii  iho  m.ic.Miiiulo  ''I  iho  ohi'iu 
'ii.im  oiioic'  "I  iho  ihu'O  pl.mo'  u ''I  iho  t'l'loi  {iKU  1 ''  ( l(''!  '{!("!,  .iiul  lhai  .ii  'iii.ill  ''i"iall''ciaphu 
'hoai  pl.mo  'p.Miu:''  Iho  oiiiio'  i'l  ohi'iio  'iiam  onoic,\  loi'ii'  oi"i.ill''C.i.iphu  'ho'ii  pl.mo  'opai.iiu'ii  i.iko' 
ihoK'im''!  'Mooo"i'0  po.ik' aiul \allo"  Iciiohi  olami' U' h.uo 'h''"n  ovpotimoiii.ilK  thai  ihool.i'iu  'ii.im 
oiu'ic'  'K'O'  iiuloo'l  pl.ii  .1  'icMilu.mi  u'lo  m 0''mii''I1imc.  iho  mui'i'iiiuiiiio 

l>i  1 1 lulo,  .m  .i'"'oi.iio  'll  I’l'ilo"''!  K.miiu'.  'lo'oiil'O'l  hiiolK  ''MIIo  "I'lk  'Mi  iIio  oIIooi'  ''I  'iipoiim 
P'"0'l  iilii.i'i'iiu  'il’iai'Mi  'iio"  'Ml  'lano  IK"'  'iio"  \pp.iioMil\  I luK'  u 'oomc  "'mo  Mu''h.mual  ollooi' 
.1'  .1  lO'iih  I'l  'iipoi imp'"0'l  mIii.I'i'miv  'il'iaiu'ii  .ipphoil  U'  'pooimoii'  >'ihoi"i'0  iiiuloi  i''Mimo  loii'ilo 
lo'imc  Iho  ollooi'  haio  hoon  'Oom  i'm  .i  "uIo  '.iiioix  ''I  moi.il'  .iiul  alK'"  ( \l.  o il.  ^ ii,  Km  'M.  i.  m / ii. 
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MIlSl'BISllI  Ml  l AI  R1  SI  \R(  II  INSHTIITI 


ri\c  MiiMil’iNhi  Mcial  Rc'.o.uvli  liisiiliiu-  is  cssciiii.iIIn  ilio  loipinau’  u'mmuIi  lat'i<iau>i\  ol  MiisuImsIu 
Mi-ial  ( iiipoiaiii'i)  In  Ihi-  Mcial  Ki-si-aivli  Insimiu-  aslni-\i-il  siaius  as  an  nuli|viuU'iu  v'i>ni|'an\,  I'lii 

II  IS  csnli'iii  ilial  oigaiii/aiional  tics  iciiiaiii 

Miisiilnslii  Mcial  (. \'i pi'iaiion  is  a itiani  conitli'iiiciatc  oiiitaiii'il  in  iiiau-iial  aciiMiics  wIikIi  kiiiim'  Iu'iii 
iiiiiiiiii;  aiiil  law  iiiatciial  puHliiction  lo  ilic  science  I'l  iiieial  alUn  lalMicaiu'ii  1 lie  ciMiii'ain  specializes  in 
noiileiunis  metals  aiul  tlie  siiieltinc;  anil  leriniiii;  ilep.ii tiiient  pioiliices  metals  anil  allovs  nl  e ii.  I’l',  /n. 
All,  At;  aiitl  Sii  Hie  metal  lal’i ication  ilepaitmem  pioilnces  a i.iiige  ol  pu'iliicts  lumi  iii'iileiii'iis 
metallurgical  pii'iliicts  to  iiuliisiiial  maclimeiv  aiul  even  pigments  1 lie  Nngaia  plant  pioiliices,  toi  e\am 
pie,  siiiteieil  ni.iclinie  pans,  oiless  heaiing  alloss.  mei.illic  lilteis,  sluling  eleiiiic.il  ci'iiiaci  alloss  loi 
tii'llexs  anil  sinteieil  m.ignetic  A1  Ni  I n magnet  alloys  (Pi.niiet  .iiiil  Dianias  mateii.ils),  1 lie  ('keg.iwa 
plant  pioilnces  coiiosion  ami  lieai  lesisiain  llasielli>>,  liaiil  l.icnig  1 l.isnes  Stellite  allot,  liigli  siieiigili 
I'lon/es,  Monel  alloys,  elnomnnii  copi'ei  coiiiliictoi  mateiial,  I'lecisioii  castings,  toignigs,  .iml  siKei  I'laz 
mg  allots.  I he  Ooi  plant  pioilnces  inngsien  cail'iile  tools,  lock  iliillnig  hiis,  ili.imoiiil  tools,  ileiital  iliill 
allots  ami  lace  mill  ciiiteis.  1 lie  comi'aiit  .iKo  I'loiliices  .iml  I'locesses  micleai  Inels  .iml  micleai  le.icioi 
alloys  (loi  1 \N  K,  II  l l iR  ami  I HR  leactois).  /iicallot  tiilmig  is  pioilnceil,  loi  exami'le,  in  rtkegatt  .i, 

1 he  ResiMicli  liisiitnie  rellecls  these  ttnle  inteiesis  in  ns  leseaicli  actitnies  1 heie  aie  gioni's  coiiceiiieil 
ttnli  oie  coiicentiation,  chemical  ami  physical  sei'aiaiioii  ami  pm ilicaiioii.  A ni.iieii.il  science  gioiip  is  in 
tolteil  with  phtsic.il  met.illin gy,  such  .is  election  nncioscopt  to  simlt  ilisloc.nioii  loops  m cieei'  ileloimeil 
nickel  I'tise  .illot s oi  the  iiiiciostinciine  ol  hoi  isosi.itic.illy  piesseil  I'ottileis  ol  snpeiallots.  1 he  iiiet.ils  .iml 
.illots  group  stmlies  melting,  casting  .mil  l.il'iic.ilioii  of  .illots  such  as  micle.n  m.iien.il  (oi  II  ItiR  le.ictois 
ami  molil  iiiaiei  i.iK  loi  coiiiiiinoiis  c.istiiig.  1 his  gioiii'  .lUo  stmlies  the  loimiig  ol  (.  o.  1 e.  l n .iml  Al  h.ise 
.illots  ht  such  means  .is  eleciiosl.ig  ttelilnig  .iml  t.iciinm  In.i/ing.  A gioii|>  is  .ilso  coiiceiiieil  ttiili  co.iinigs 
.iml  coriosion  .iml  siiess  coiiosion  ol  .in  .issoi iineiii  ol  .illots.  The  stress  coiiosion  ot  nickel  h.ise  .illots 
.Hill  siiimless  steels  in  liiel  gases  .iml  in  molten  s.ilis  is  .in  example.  .N  pottilei  mei.illingt  gioiip  ttoiks  on 
piohleiiis  ol'  siniei  loiging  ol  pottilci  meialhngt  ni.neii.ils  such  .is  tnaiimm  .iml  lie.n  .iml  coiiosion  lesis 
t.iiil  nickel  base  allot  s ami  li  iciioii  ni.itei  lals  (loi  ilisc  hi.ikes,  iailtt.it  hi. ikes,  etc.)  1 Ins  gion)'  .iKo  stmlies 
the  ilet.nls  ol  tte.n  ami  riaciine  piocesses  in  cenienieil  c.nhiile  tool  ni.iiei i.iK  (In'  .iml  Uy'  in  coh.ili) 
Diliei  gionps  ttoik  ttiili  line  cei.nnics  such  .is  Ni  i n leiiites  loi  m.igiieiostnciite  tihi.iiois  (ttliich  .lie 
claiiiii'il  lo  I'l’ei.ite  well  iimlei  high  itiessiiic),  nlti.ipine  ni.itei i.ils  .iml  senncomlnctoi  m.ncii.ils  such  .is 
c;a.\s.  I heie  .ne  .ilso  simlies  ol  micleai  liiel  ami  micle.n  .ihsoihei  iii.itei i.ils,  exii.iciite  niel.illingt , polln 
non  leclniologt  .iml  .ni.iltiic.il  leclniologies. 

A loin  of  the  Met.il  Rese.iicli  Insiiiiiie  was  comlncteil  nmlei  the  gniil.nice  of  Hi.  \ M.ie  I he  iisiial 
.issoilnient  of  niacinnei t for  leshng  f.iligne.  niiit.icl  .iml  tensile  siieiigih  w.is  seen  Iheie  w.is  .iKo  .i 
ni.icliiiie  to  test  tteai  ami  an  l iichseii  clip  lesi  to  assess  met.il  foi ni.ihiint . A ten  exieiisite  collection  ol 
coiiosion  ami  stiess  coiiosion  testing  ei|m|tnienl  w.is  ohseneil.  l oi  ev.iniple  iheie  weie  mnneions 
aiiioclates  foi  testing  in  high  teinpei.iinie  high  piessnie  w.nei  ami  also  looi'  test  f.icilnies  nmlei  high 
lenipei.iiine,  high  I'lessine  waiei  comliliont.  Alhns  nmlei  test  .lie  ll.isiellot.  Inconel,  Monel  ami  ziic 
allot.  1 he  specimens  .lie  mostly  U heml  ami  smooili  tensile,  in  ailililion  to  the  iiihe  ami  I'H'e  How  tests. 

et  coiioston  tests  tnclmle  the  totaling  ilisk  it  pe  to  simlt  telociiy  effects,  lei  mi(tnigemein  tests  to  simlt 
eiosion  of  I'll  h.ise  .illots  (Al  hioii/es)  in  seaw.iiei.  s.ilt  s|ti,it  tests  (foi  Al  .illots),  siiess  coiiosion  tests 
(smooth  s|)ei  linens  in  moist  .in,  ammoiiia  .iml  hoilnig  '2  peueiit  m.igiiesiniii  cliloinle)  wet  ilit  ctcle  tests 

III  se.itt.iiei  ami  ,ni  nliititiolei  wet  iliy  stnishiiie  lest  cli.nnhei.  Hieie  is  also  .in  nlii.isomc  c.it n.iiioii  test 
f.iciliiy.  As  .1  finale  to  the  loin,  the  Sliimail/ii  SM\  ‘'ll  \ i.it  iliffiactioii  siiess  .ni.iltsei  w.is  shown,  1 he 
imiclnnen  was  hnlkv  coniittneil  to  the  ei|nipineni  iletelopeil  ht  (.'oheii  .iml  I. lines  .it  Noiihwesiein  finitei 
sity  nmlei  ONR  eoiiliact. 

In  teclnncal  iliscnssioiis,  Hi.  II.  Ooi,  Uiiectoi  of  the  I’ottilei  Mei.illnigt  Ifitisioii  ilesciihi'il  some  woik 
(With  N Shnii.nnki  .niil  M M.isnil  on  t.niatioiis  of  the  com(tosnioii  ol  the  y I'li.ise  in  ilie  Ni  h.ise 
sni'ei allot  I lilimet  520  w nh  .igmg  temi'eiaiine.  At  S(H'  'l ' ilieie  is  an  .n  lesting  ol  co.ii selling  ol  the  y ('h.ise 


a(  about  50  hours.  This  is  not  observed  at  IurIkm  or  lower  temperatures.  l)oi  explains  litis  as  a depletion  of 
.Al  and  I'i  in  the  C'r-rieh  region  around  the  particles  which  occurs  at  800“C'  and  50  hours  (see  Scripta  Met  tO 
805  (im)). 

Dr.  Y.  Mae  described  studies  on  the  eliecis  of  temperature  and  cross  rolling  on  ri-AI-2.5Sn  and  l i-b.Al- 
4V  alloys.  The  experiments  involved  straight  and  cross  rolling  in  the  beta  range  followed  by  either  straight 
or  cross  rolling  in  the  alpha  r beta  range.  The  effects  on  the  tensile  properties,  hardness  anisotropy  and 
texture  were  examined.  The  conclusion  was  that  the  tnost  imiform  properties  are  obtained  by  cross  rolling 
in  the  alpha  -r  beta 'range,  irrespective  of  the  initial  working  procedure  in  the  beta  range. 

Or.  Nlae  has  also  described  a method  of  prevemittg  edge  cracking  during  the  rolling  of  alumintim  alloys, 
bv  attaching  a more  ductile  material  to  the  edges  of  the  slab  before  rolling  (.Ir.  I ight  Metals  26  No.  6, 
1976). 

Important  papers  by  Dr.  M.  Doi  and  others  have  appeared  in  Proceedings  of  the  1976  I’owdet 
Metallurgy  C onference,  sponsored  by  the  Metal  Powder  Industries  l ederation  and  the  American  Powder 
Metallurgy  Institute.  In  one  paper  the  strengthening  of  cermet  binder  phase  through  precipitation  of  in- 
termetallic  compounds  is  described.  I he  strengthetting  ihrotigh  ultrafine  grain  carbide  generation  is  prom- 
ising for  the  eventual  application  of  cermets  in  machining  operations  now  requiring  high-speed  steels.  I he 
fine-grain  cermet  would  resist  wear  and  reduce  the  lendettcy  of  the  tool  to  weld  to  the  metal  being  tna- 
chined.  In  the  other  paper,  hot  forging  of  powder  metal  products  without  the  usual  intermediate  sintering 
step  is  proposed. 

The  two  most  ittterestittg  observations  made  during  the  visit  concerned  items  which  could  not  be  dis- 
cussed in  detail,  for  understandable  reasons,  first,  there  are  tests  going  on  of  /n-base  and  Al-base 
sacrificial  anode  materials.  Obviously,  these  developments  are  intended  for  a highly  competitive  market, 
and  the  details  of  composition  and  structure  are  under  study  to  enable  the  company  to  compete  successlul- 
ly.  Secondly,  there  has  been  a developmetit  of  C'r-base  alloys  w hich  is  most  attractive,  fhesc  C'r-base  alloys 
are  resistant  to  both  nitric  and  hydrochloric  acids.  I'hey  cati  be  hot-forged  atid  hot-rolled  tip  to  .10  percent. 
It  appears  therefore  that  a new  class  of  alloys  has  been  developed  w hich  may  be  v ery  iiselu)  lor  certain  ap- 
plications, and  may  have  real  importance  to  the  D.S.  Navy  despite  problems  with  chromium  availability. 
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THE  NATIONAL  RESEARCH  INSTITUTE  FOR  METALS 


The  National  Research  Institute  for  Metals  (NRIM)  is  essentially  an  in-house  laboratory  for  the  Science 
and  Technology  Agency  of  Japan,  which  provides  90  percent  of  the  support  (approximately  $10  million 
per  year).  The  remaining  sponsorship  comes  from  other  governmental  agencies  such  as  the  Ministry  of  In- 
ternational Trade  and  Industry  and  the  Agency  for  Environmental  Protection.  A few  tasks  are  handled 
under  contract  for  industries,  but  this  is  done  indirectly  through  various  governmental  agencies. 

NRIM  was  established  in  1956  and  is  organized  into  five  groups,  each  containing  three  divisions.  The 
primary  functions  of  these  groups  are  as  follows: 

1.  Materials  Group  (1)  — metal  physics  involving  both  ferrous  and  non-ferrous  metals. 

2.  Materials  Group  (2)  — responds  to  national  projects,  and  involves  electronics  materials,  nuclear 
materials  and  high  strength  materials.  Project  areas  involve  breeder  and  hot-water  reactors,  fusion, 
nuclear  fuels,  space,  deep-sea  diving,  high  speed  transportation,  MHD. 

3.  Process  Metallurgy  Group  — metallurgical  chemistry  and  process  metallurgy  and  development.  Proj- 
ects involve  improving  extraction  and  refining  processes.  As  an  example,  work  is  underway  on  the  con- 
tinuous electrolytic  refining  of  Cu,  Zn  and  Ni. 

4.  Metal  Processing  Group  — welding,  foundry  practice,  powder  metallurgy  and  one  division  concern- 
ed with  corrosion  control. 

5.  Strength  Group  — a host  of  activities  including  NDT,  composite  materials,  the  basic  approaches  to 
increasing  metal  strength.  Fatigue  and  creep  properties  are  included. 

Materials  Group  (2)  is  scheduled  to  move  to  Tsukuba  New  Town  for  Research  and  Education  by  about 
1979.  Earlier  construction  at  the  new  site  provided  a building  for  testing  superconducting  materials  (1975) 
and  a laboratory  for  testing  materials  at  high  temperatures  in  special  atmospheres  (1976). 

This  visit  began  with  a description  of  the  organizational  features  and  research  philosophy  of  NRIM  by 
the  Director,  Dr.  Toru  Araki.  Following  this  there  were  tours  of  the  Fatigue  Testing  Division  and  Creep 
Testing  Division  (Strength  Group)  and  the  Welding  Division  (Metal  Processing  Group).  Discussions  were 
also  held  with  various  members  of  the  High  Strength  Materials  Division  (Materials  Group  (2))  and  the  Fer- 
rous Materials  Division  (Materials  Group  (1)).  For  about  an  hour  and  a half  a group  was  convened  to  hear 
the  writer  describe  materials  a'-tivities  at  ONR  and  NRF.  The  visit  was  frustrating  in  one  sense;  too  many 
interesting  projects  are  un  'erway  to  visit  in  a day  and  it  was  necessary  to  probe  haphazardly.  An  adequate 
review  would  take  a number  of  days. 

The  Welding  Division  is  engaged  in  a wide  variety  of  activities  and  is  generally  well  equipped.  One  study 
is  underway  to  relate  the  controllable  parameters  in  electron  beam  welding  to  weld  defects,  especially  in 
deep  penetration  welds.  Materials  under  study  are  semikilled  steel  and  Al-Sn-Mg  alloys.  The  defects  of  in- 
terest are  penetration  irregularities,  porosity,  spike  formation,  and  the  cracking  which  may  occur  at  an 
assortment  of  boundaries  (fusion  line,  near  b'ow-holes,  bead  line  etc.).  The  controllable  variables  include 
changes  in  the  electron  beam  gun,  vibration,  change  of  feeder  material,  etc. 

There  is  also  some  interesting  work  going  on  in  underwater  welding.  A pressure  chamber  is  available  for 
tests  of  the  plasma  arc  weld  process.  Pressures  equivalent  to  a water  depth  of  300  meters  (31  kg/cm’)  can 
be  duplicated.  According  to  Dr.  Michio  Inagaki,  who  conducted  the  tour,  plasma  arc  welding  is  especially 
attractive  in  deep  water  (100-300  meters).  Stick  welding  and  GTA  welding  are  .satisfactory  up  to  100 
meters,  but  problems  with  arc  stability  are  encountered  at  greater  depths. 

NRIM  developed  a controlled  pressure  system  for  butt  welding  of  pressure  tubing  for  atomic  energy 
plants.  Gas  pressure  in  the  tube  is  controlled  to  provide  a delicate  balance  between  surface  tension,  gravita- 
tional forces  and  arc  force  during  this  TIG  welding  operation.  This  equipment  has  now  been  produced 
commercially  by  Mitsubishi  Electric  Corporation  under  the  trade  name  “Melomotic.” 

A tensile  restraint  cracking  test  machine  of  1000  tons  capacity  is  in  u.se  also  at  NRIM  (and  in  fact  was 
developed  by  NRIM  to  investigate  the  cold  cracking  of  welds  by  hydrogen).  A sustained  load  is  the  major 
f't.iture,  and  rather  massive  tests  can  be  conducted.  The  data  are  plotted  as  typical  static  fatigue  data  — 
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mean  [ensile  stress  in  the  weld  versus  time  ol'  sustained  load.  The  time-to-l'ailure  aiui  threshold  features  of 
the  curves  are  used  to  show  such  effects  as  weld  temperature,  preheat  and  postheat. 

.•\  machine  designated  as  "Weld  Thermorestor"  was  shown  which  is  used  to  sitmilate  weld  thermal  cy 
cling,  stress  or  straiti  during  welding,  and  other  welding  conditions  in  a controlled  atmosphere,  which  may 
include  hydrogen,  moisture  and  argon.  high  frequency  heating  system  is  used.  The  machine  cati  be  con- 
trolled to  simulate  a variety  of  thermal  cycles  and  can  produce  constant  load  or  constant  strain.  Ihis 
machine,  also  developed  by  NRIM,  is  available  commercially  now,  and  at  least  one  has  been  sold  in  the 
LMiited  States  (University  of  Michigan,  according  to  Inagaki).  The  Welding  Division  also  has  equipment 
for  the  plasma  jet  spray  coating  of  such  materials  as  alumina  and  /irconia  on  Ni  and  Mo  to  improve 
resistance  to  heat  atid  wear.  No  results  were  presented. 

The  Creep  Testing  Division  is  conducting  the  most  e.xtensive  collection  of  data  on  commonly  used 
engineering  alloys  in  the  world.  There  are  literally  1100  creep  test  machines  collecting  data  on  .T‘'(K)  in- 
dividual specimens.  The  philosophy  is  not  only  to  collect  representative  creep  data  on  the  various  high 
temperature  alloys  but  to  establish  the  statistical  spread  of  properties  between  different  parts  of  a heat,  he- 
tweeti  different  heats,  and  between  heats  made  in  different  companies.  All  industrial  high  temperature 
alloys  plus  several  new  alloys  each  year  are  tested  at  a variety  of  temperatures,  so  far  in  air.  Tests  have  been 
run  for  times  as  long  as  60,(XK)  hours  (8  years),  and  even  longer  tests  are  under  way.  Temperatures  ratige  to 
12(K)°C  depending  on  intended  service  temperature.  Due  investigation  was  described:  A study  w as  made  of 
the  effects  on  stress-rupture  of  differences  in  cross  sectional  shape  among  specimens  of  identical  cross  sec- 
tional area.  The  results  indicate  that  material  inhomogeneity  is  a larger  effect  than  the  shape  factor. 

The  I'atigue  Division  is  also  applying  the  massive  assault  approach  to  the  prediction  and  control  of 
fatigue  cracking  in  commercial  alloys.  Special  emphasis  is  on  I)  fatigue  strength  at  elevated  temperatures. 

2)  fatigue  strength  of  welded  members  and  .^)  statistical  variations  in  fatigue  strength.  Again  literally 
thousands  of  specimens  are  tested  to  assess  the  probability  of  cycles  to  failure  at  various  frequencies  and 
temperatures.  The  S-N  curves  produced  show  the  confidence  limits  to  the  designer  who  may  then  exercise 
the  desired  degree  of  conservatism  as  related  to  cost  and  structural  performance.  Various  types  of 
machines  are  used  including  rotating  beam,  push-pull  and  reverse  torsion.  One  push-pull  machine  is 
capable  of  150  ton.  Another  machine  permits  combined  axial  and  torsion  tests.  Both  high  attd  low  cycle 
fatigue  tests  are  used  to  evaluate  alloys  at  temperatures  to  8{X)°C.  High  cycle  fatigue  tests  run  to  UX) 
million  cycles. 

In  one  investigation  with  austenitic  stainless  steel  the  plastic  strain  range  was  plotted  versus  cycles  to 
failure  at  various  temperatures.  The  steel  failed  intergranularly  at  low  strain  range  but  transgranularly  w ith 
larger  plastic  strain  range. 

The  High  Strength  Materials  Division  interests  as  outlined  by  Dr.  V.  Kawabe  are  in  the  developtnent  of 
both  high  strength  attd  ultra  high  strength  steels.  Six  general  areas  were  described  as  follows: 

1 ) l.ow  alloy  steel  developmetit  in  the  high  strength  range.  Examples  are  4340  and  H-1 1 . 

2)  Eatigue  behavior  of  high  strength  steel  itt  the  marine  environment  (for  the  present,  however,  tests  are 
conducted  only  in  air). 

3)  Steels  for  deep-diving  submersibles.  The  .lapati  deep  sea  rescue  vehicle  under  design  was  originally  in- 
tended to  reach  6(XX)  meters,  and  steels  such  as  the  Ll.S.  Steel  10  Ni  - 8 C'o  steel  were  of  interest.  Problems 
in  dealing  with  the  heavy  section  related  to  reproducibility,  stress  corrosion  cracking,  fatigue  and  fracture 
toughness  encouraged  a revision  of  the  goal  to  I (XX)  meters.  Tor  the  latter  goal,  steels  similar  to  H^'-130  are 
of  interest. 

4)  Maraging  type  steels  and  particularly  with  respect  to  embrittlement  by  hydrogen. 

5)  Cryogenic  steels  for  use  at  liquid  He  temperatures. 

6)  Extremely  high  strength  maraging  steel  (400  ksi)  for  potential  use  in  centrifuging  machines  for  the 

concentration  of  uranium  isotopes.  •* 

In  individual  discussion.  Dr.  T.  Aoki  first  described  his  work  on  delayed  fracture  crack  grow  th  (Kis^.c)  ‘’I 
high  strength  steels  (4340  tempered  at  250°C  and  43()°C  and  4320  tempered  at  2(X)‘'C)  in  distilled  water, 
l ittle  temperature  effect  was  noted  on  the  value  of  Kisa- 1’'*'  O-'rininal  fracture  toughness  parameter 
calculated  by  measuring  the  crack  depth  at  the  onset  of  fast  fracture  increased  rather  markedl.v  with 
temperature  in  both  of  the  steels  tempered  at  250°C  and  200‘’C.  This  was  observed  to  be  caused  by  in- 
tergranular crack  branching  as  temperature  increased.  Crack  growth  rate  was  dependent  on  stress  intensity 
factor  for  the  steels  tempered  at  250°C  and  2(X)‘’C,  but  independent  of  stress  intensity  for  the  steel 
tempered  at  430°C.  An  activation  energy  of  about  9(XX)  cal  mol  was  measured,  in  all  cases,  but  a correc 
tion  factor  was  applied  to  compensate  for  the  effects  of  crack  branching.  .Aoki  also  observed  discontinuous 
crack  growth.  The  intervals  between  steps  were  controlled  by  the  thermally  activated  process  with  the  9tXX) 
cal/mol  activation  energy. 


f 


i 

'>  Work  was  also  described  by  Aoki  on  the  role  of  pitting  in  the  stress  corrosion  cracking  of  martensitic 

stainless  steel.  A 13  percent  chromium  steel  was  studied.  The  corrodent  was  3.5  percent  NaCI  saltwater  and 
the  specimens  were  smooth  and  electrochemically  polarized.  With  anodic  potential,  most  stress  corrosion 
cracks  initiated  at  corrosion  pits,  and  the  time  for  pitting  accounted  for  most  of  the  time  to  failure.  As 
might  be  expected,  the  cracking  process  was  relatively  independent  of  applied  potential. 

At  constant  anodic  potential,  crack  initiation  time  decreased  with  applied  stress.  The  depth  of  pit  at 
which  stress  corrosion  cracking  commenced  was  found  to  decrease  with  increasing  stress.  Furthermore 
there  appeared  to  be  a threshold  pit  depth  required  before  cracking  could  be  initiated. 

Papers  covering  this  work  have  been  submitted  for  publication  by  Japan  Iron  & Steel  Institute.  The  first 
of  these  will  appear  in  June  1977. 

Dr.  T.  Saito  discussed  his  work  on  the  toughness  of  Ni-Cr-Mo  steels  in  the  as-quenched  condition  (see 
Transactions  ISIJ  16  325  (1976)).  After  determining  that  the  fracture  toughness  parameter  Kj^.  could  be  ob- 
tained from  the  experimentally  determined  J integral  value,  Saito  investigated  the  effects  of  prior  austenitic 
grain  size  on  fracture  toughness.  Fracture  toughness  was  found  to  be  relatively  invariant  with  increasing 
grain  size  although  tensile  properties  deteriorated.  At  very  large  grain  size,  however,  fracture  toughness 
decreased  abruptly  and  the  fracture  mode  changed  from  transgranular  to  intergranular.  Seeking  to  explain 
the  relative  insensitivity  of  fracture  toughness  to  austenitic  grain  size,  Saito  notes  a correspondence  of  frac- 
ture toughness  with  the  size  of  the  dimples  on  fracture  surfaces  which  initiate  at  small  second  pha.se  par- 
ticles. Austenitic  grains  larger  than  this  interparticle  distance  would  not  be  expected  to  have  a large  in- 
nuenceon  the  fracture  process. 

Saito  is  currently  looking  at  the  fracture  toughness  in  two  phase  materials,  in  particular  4330  steel 
quenched  from  within  the  stable  austenite  -i-  ferrite  region  of  the  equilibrium  phase  diagram.  Some  struc- 
tures have  been  obtained  which  are  quite  tough,  but  the  tensile  properties  are  not  spectacular.  This  work 
has  been  accepted  for  publication  in  Trans.  ISIJ  and  probably  will  appear  in  March  1977. 

Dr.  Y.  Sumitomo  discussed  interests  in  the  hydrogen  embrittlement  of  iron  alloys,  especially  interactions 
of  hydrogen  and  dislocations.  He  is  studying  an  alloy  of  0.001  C,  9.87  Mo,  0.003  S,  balance  Fe,  with  the 
idea  of  isolating  for  study  the  iron-molybdenum  (FejMo)  precipitation  process  which  takes  place  in  more 
i complex  alloys.  Sumitomo  applies  a tensile  strain,  then  commences  electrolytic  charging.  Unlike  the  case 

of  purer  iron  alloys,  the  introduction  of  hydrogen  steepens  the  stress-strain  curve.  A change  from  cross  slip 
to  planar  slip  is  observed.  Sumitomo  concludes  that  the  slip  processes  are  changed  by  alloying  elements 
• which  in  turn  change  the  response  to  hydrogen.  Tests  are  now-  underway  with  Fe-Si  and  Fe-AI  alloys. 

' Dr.  Y.  Kawabe  described  some  of  his  efforts  to  produce  tough  280  kg/mm'  maraging  steel  through  con- 

trol of  microsiructure  (see  JISI  62,  No.  9,  1976).  The  steels  of  interest  are  highly  alloyed  (13  Ni,  15  Co,  10 
Mo,  0. 1 Al,  0.2  Ti)  to  achieve  high  strength,  and  the  precipitates  are  therefore  difficult  to  dissolve.  Kawabe 
has  studied  the  effects  of  higher  solution  treatment  temperatures  (850  to  1250°C)  upon  the  tensile  proper- 
ties and  fracture  toughness. 

The  fracture  toughness  parameter  Kj^  increases  as  the  solution  temperature  increases  despite  grain  size 
increases  which  deteriorate  the  tensile  properties  and  ductility.  As  the  fracture  toughness  increases,  there  is 
a shift  from  dimple  fracture  surfaces  to  quasicleavage  fracture  surfaces,  the  reverse  of  the  usual  relation- 
ship between  fracture  mode  and  toughness.  Kawabe  believes  the  observations  reflect  the  dis.solution  of  the 
precipitates  which  are  regarded  as  more  deleterious  to  fracture  toughness  than  is  large  grain  size.  Large 
grain  size,  however,  does  deteriorate  the  tensile  properties  and  ideally  the  precipitates  would  be  dissolved 
but  the  grain  size  would  remain  small.  Toward  this  goal  Kawabe  has  been  studying  thermomechanicai 
treatment  and  a variety  of  cyclic  heat  treatments.  There  has  been  some  success  but  these  ireaimcnis  are 
complex  and  expensive  and  therefore  the  work  continues. 

Dr.  M.  Sumeta  stated  that  he  will  be  studying  the  fatigue  of  high  strength  steels  in  seawater  in  the  future. 
He  was  therefore  very  interested  in  the  related  work  underway  at  NRL.  He  intends  to  study  stetls  such  as 
HY-130,  precipitation  hardening  steels,  maraging  steels,  9 Ni-4  Co  steels  and  HY-180  type  steels.  The  tests 
will  be  in  air  and  seawater,  and  the  specimens  will  in  some  cases  contain  sharp  notches. 

Dr.  M.  Inagaki,  head  of  the  Welding  Division,  is  active  in  committee  work  both  in  Japan  and  interna- 
tionally. He  chairs  the  Class  Structural  Steel  for  Welding  Committee  of  the  Steel  Division  of  the  Japan 
Welding  Engineering  Society.  In  this  capacity  he  represents  Japan  at  as.semblies  of  the  International  In- 
stitute of  Welding.  For  example  he  presented  a report  on  the  study  of  cold  cracking  with  the  implant  test  at 
a meeting  in  Australia  in  August,  1976  (IIW  Do.  lX-970-76).  Other  concerns  and  studies  of  the  committees 
are  lamellar  tearing  and  fracture  in  heat  affected  zones. 
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Linder  itio  gcnile  persuasion  ol'  I’rot'essor  K.  lida  of  ihe  Unisersiiy  of  Tokyo,  ilie  wriier  \isiied  ihe  Ship  < 

Researeh  Insiiuile  of  the  Japan  Ministry  of  Transport.  The  Direetor  Cieneral  is  Dr.  N.  .Ando,  and  under  his 
inanagentent  are  Disisioifi  eoneerned  with  ship  propulsii>n.  dynainies,  struetures,  welding  and  fahrieation, 
engine  development,  in|ihne  engines,  ship  equipment,  nuelear  ships,  oeeanographieal  engineeting  and 
physieal  engineering^  .Although  the  Ship  Researeh  Institute  was  originally  established  in  l‘fl6,  the  present 
organization  apparetitly  took,  form  in  196.T  It  was  at  this  time  that  the  preseiit  Ship  Researeh  Institute  with 
the  ten  Researeh  Divisiotts  and  two  Branehes  (at  Osaka  and  Tokai)  was  fortned  as  a teehtiieal  resouree  of 
the  Ministry  of  Transportation.  The  Institute  does  researeh  on  ships  in  areas  of  eoneern  whieh  are  in- 
dicated by  the  Division  funetiotis.  The  results  of  this  research  are  published  in  ‘‘Report  of  the  Ship 
Re.seareh  Institute"  and  "Papers  of  Ship  Researeh  Institute." 

In  the  Ship  Pquipntent  Division,  under  the  direction  of  Dr.  K.  Olinaga,  some  experiments  on  alternate- 
itnmersion  eorrosioti  were  shown  (by  Dr.  S.  Naito).  Specimens  are  contained  in  cells  and  subjected  to 
fatigue  in  beitding  to  maxirnutn  stress  of  25  Kg/mm'  while  cycling  betweeti  1.^  and  l.‘'0  cpm.  The  cells  (ler- 
mit  alternate  filling  atid  emptying  w ith  synthetic  seawater,  so  that  the  1/S " \ 1 4"  specimens  are  subjected 
to  both  reverse  bending  and  alternate  immersion.  Tetnperature  is  eontrolled,  and  up  to  12  specimens  may 
be  tested  simultaneously.  Specimen  failure  is  monitored  by  both  weight  loss  and  fracture.  At  least  one 
paper  on  this  work  is  published  ("Corrosion  of  Steel  by  An  Alternate  Immersion  Method,"  Ship  Research 
Institute  Vol.  l.^No.  2,  1976,  p.  76  by  K . Ohnaga,  S.  Naito  and  T.  Shibata).  The  work  is  intended  to  apple 
to  problems  with  corrosion  of  the  ballast  tanks  of  tankers  and  ore  earriers.  The  work  to  d;ite  indicates 
rapid  increases  in  corrosion  rate  w ith  increasing  water  and  air  temperatures,  but  not  much  influence  of  the 
fatigue  stress. 

In  the  Division  of  Ship  Struetures  sotne  massive  test  facilities  were  observed.  One  test  was  underway  of 
ati  entire  section  of  a ship  at  1 10  scale.  This  ship  section  test  cotnponent,  representative  of  ;m  oil  tanker, ' 
was  subjected  to  both  bending  stresses  and  eivtnpressive  stresses  at  the  sides,  as  would  be  encountered  in 
ocean  service.  Hydraulic  jacks  were  used  liberally  to  apply  the  designed  multiple  stresses.  Massive  fatigue 
testing  machines  were  also  seen.  One  Schetik  T'atigue  Machine  of  .M)  ton  tension  or  compression  capacitv 
had  been  modified  to  provide  2(X)  tons  iti  tension  or  compression. 

On  a more  conventional  scientific  laboratory  slatit,  experimental  apparatus  for  the  measurement  I'f 
stored  energy  resulting  from  low-eyele  fatigue  was  shown.  .A  differential  thermal  analysis  calorimeter  is 
featured.  The  specimens  are  3.5  mm  diameter  rods  deformed  by  fatigue.  No  cracking  is  involved,  hence 
there  is  no  effort  to  measure  directly  fatigue-produced  stored  energy  at  crack  tips. 

The  Ship  Research  Institute  Welding  and  Fabrication  Division  directed  by  Dr.  A.  Kanno  is  concerned 
both  with  non-destructive  test  concepts  and,  again,  with  massive  tests  for  fatigue  resistance  and  brittle 
fracture  resistance.  Kanno  is  especially  interested  in  radiographic  techniques  to  detect  cracks.  L'ltrasonic 
methods  are  also  under  study.  The  laboratory  has  a 3(K)  K\’  Betatron  for  radiography  of  thick  plate  and 
welds  (up  to  50  mm).  Kanno  is  studying  the  means  of  measuring  and  detecting  the  cross  section  of  natural 
cracks  by  \-ray.  A cylinder  containing  a natural  crack  is  inserted  into  a close  fit  cylindrical  hole  m a thick 
plate.  By  rotating  the  cylinder  durittg  radiography  Kattno  is  trying  to  establish  the  relation  of  defect  width 
which  appears  in  the  radiograph,  with  crack  morphology  and  orientation. 

The  massive  equipment  in  the  Welding  and  I'abrication  Division  features  a push-pull  type  30(X)  tvvn 
fatigue  machine  only  10  years  old.  A 15  tnillion  gleetroti  volt  Betatron  is  available  for  iri  siiii  radiography 
during  these  fatigue  tests  of  massive  plates  and  welds.  There  is  also  a tensile  machine  for  brittle  fracture 
tests,  maximum  capacity  4(XX)  tons.  This  machine  was  installed  primarily  to  test  steels  for  nuclear  pressure 
ve.ssels. 

A large  lest  pressure  vessel  lank,  three  meters  in  diameter,  was  shown.  This  tank  was  being  subjected  to 
hydraulic  pressure,  and  acoustic  emissions  from  a small  submerged  notch  were  being  studied.  .A  minicom 
puler  gives  a graphical  display  of  the  location  of  Haws.  The  pariieular  detector  used  is  a Nortec  AT  A I 
Flaw  Detector,  NDT  256.  This  Richland,  Washington  firm  is  at  least  one  example  of  an  equipment  sale  to 
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'"S'i'u'e  has  under  eonsiruciion  machines  lo  tesi  dynamic  fracture  toughness. 
These  dynamic  tensile  brittle  fracture  machines  are  estimated  as  three  years  away 

, General  of  the  Ship  Research  Institute.  Dr.  Ando,  is  Secretary  to  the  Organising  Commii- 

Initrnatioiidl  Symposium  on  Practical  Design  in  Ship  building  to  be  held  in  Tokyo  1 8-20  October 
1977.  This  Symposium  will  celebrate  the  80th  anniversary  of  the  Society  of  Naval  Architects  in  Japan. 
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Spcv-'inicn  I’repaiatioii  I ab. 

\-ia\  Viialysis  aiul  I- kviri'ii  MiiiOMops  1 ab. 

Optical  Microscopy  I ab. 

Mechanical  rcMinj;  1 ab. 
liKiiisiiial  Research  1 ab. 

C'hemical  .\nalysis  I ab. 

I'lecironics  1 ab. 

Rarlioisoiope  1 ab. 

Rare  l arih  Separation  I ab. 

e'eratnic  Mono-C'rystal  Preparation  1 ab. 

High  Magnetic  l'ieli.1 1 ab. 

High  Pressure  I ab. 

Mass-Separator  I ab. 

Nuclear  Magnetic  Resonance  I ab. 

Neutron  Dil'I'ractiotr  1 ab. 
l-ar-lnl'rared  Spectroscopy  I ab. 
l erininal  Station  of  P'lectrotiic  C'omputei 
Cias  1 iiiuefaction  Plant 

On  this  occasion  the  I aboratory  for  Iron  anil  Steels  within  the  Physical  Metalhirgs  Oioup  was  lisiteii. 

I his  1 aboratory  is  uniier  the  ilirectioti  of  Dr.  I'.  Masuinoto,  sott  of  the  fatuous  Dr.  Hakaru  Masumoto 
who  was  Director  of  the  entire  Institute  iluring  the  years  The  1 aboratory  for  Iron  anil  Steels  is 

stuilying  chiefly  the  physical  metallurgy  ami  mechanical  properties  of  irotis  and  steels.  Studies  are  made  on 
the  microstructural  behavior  and  mechanism  of  the  ductile-brittle  transitions  in  fracture  modes  imdei  con- 
ditions of  both  static  and  dynamic  stress.  .Also  studied  are  creep  mechanics  and  the  deformatioti  and  frac- 
ture of  cemetitite  during  the  course  of  the  working  of  steel.  High  strength  materials  in  the  fortn  of  com- 
posites atid  as  atnorphous  tuetals  or  rapidly-iiuetiched  materials  are  a particular  current  intetest.  .A  further 
interest  is  in  the  interactiotis  of  alpha  iron  atid  austenitic  iron  with  ttitrogen  within  a ratrge  of  high- 
temperature.  high  pressure  regimes. 

In  prelimitiary  discussions.  Dr.  Masumoto  outlitted  the  thrust  of  his  I aboratory  for  Iroti  .md  Steels  as 
this  relates  to  other  groups  at  the  T'ohoku  Dniversity.  There  are  basically  three  areas  which  complement 
one  another  nicely  in  understanding  how  materials  behave  mechanically  and  to  an  extent  chemicallv . These 
areas  are  based  ott  dimensiottal  regimes.  The  atomistic  approach  involving  lattice  dislocatiotis,  point 
defects  etc.  is  an  aspect  of  siiucture  covered  by  I’rofessor  karashima  and  his  colleagties  in  the  Depaitment 
of  Metallurgy,  Materials  Science  and  Metal  Processing.  At  the  other  extreme  Professor  ^'okoboti■s  gioup 
at  the  Research  Ittstitute  *'or  I'tretigth  atid  I'racture  of  Metals  is  oriettted  ti'vvard  continuum  mechanics  and 
elasticity  and  plasti-  ''  Masutuoio's  group  favors  the  tuicroscopic  v iew , thus  completitig  the  hue  of  ati.uk 
from  the  atotnistic  .ich  (Karashitua)  to  the  macroscopic  approach  i^  okobori).  The  studv  of  giam 

boundaries,  precipitates,  inclusions,  segregations,  crystal  structute,  etc.  are  thus  the  usual  concern  of 
Masumoto. 

Dti  the  occasioti  of  the  visit  Masutnoto  stated  that  his  two  largest  research  groups  are  concetitratitig  in 
the  areas  of  atnorphous  metals  and  itr  refractory  alloys.  Dthet  studies,  however,  are  going  on  as  indicated 
previously.  Current  studies  on  the  process  atid  mechatusm  of  ductile-brittle  fracture  in  BCC  ferrous  alloys, 
for  example,  center  on  observations  of  substructure  aroutid  propagating  fatigue  cracks  and  on  the  relatioti 
ship  of  tuicrostructure  to  the  itiitiatioti  atul  growth  of  fatigue  cracks  in  luartensiiic  steels.  Studies  of  the  ef- 
fects of  thermo-mechanical  treatmetit  oti  the  strength  and  fracture  of  steels  are  related  to  the  deformation 
and  fracture  of  the  cemetitite  phase.  Consideration  is  given  to  the  lattice  defects  iti  the  cenientite,  the 
tiiechatiical  properties  of  cemetitite  atid  their  temperature  dependence,  an.l  on  the  fraettne  toughness 
characteristics  of  cetnentite. 

l-levated  temperature  properties  of  steels  are  of  ititerest  w ith  respect  to  transietit  creep  atid  factois  such 
as  chemical  composition,  grain  si/e,  prestraiti,  texture  and  precipitates.  .A  statistical  study  on  scatter  in 
creep  property  measuretnents  is  ancilliary  to  these  studies. 

In  the  composites  area  the  strengthening  of  iron-base  alloys  such  as  be,  T'e-Cr  and  T'e-Cr-Ni  with  disper- 
sions of  .Al;Di  or  ThC).  is  under  study.  .Also  the  uttidirectionally  solidified  T'e-T'e-Ti  cotnposite  is  of  in- 
terest . 

.Aside  front  these  investigatiotis,  the  metallurgy  of  amorphous  metals  or  rapidly-iiuettched  materials  is  an 
absorbing  interest  with  Masutnoto  and  his  groups.  The  amorphous  metals  area  has  been  a pt  iticipal  activ  ity 
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tor  some  7 years,  aeeordiiig  lo  Masumoto,  and  some  40  people  have  become  involved.  Alreadv  approx- 
imaiely  80  papers  have  been  published  and  a number  are  in  preparation. 

The  amorphous  metal  programs  include  almost  all  aspects  which  can  be  imagined.  Subject  areas  include 
the  atomic  structure  of  the  nott-crystalline  state,  the  physical  properties  of  amorphous  metal,  the 
mechatiical  properties  as  related  to  load  configuratioti,  temperature  and  pressure  and  envirotiment,  defor- 
mation and  fracture  processes  and  the  processes  involved  in  the  recrystalli/ation  of  amorphous  metals. 
.Alloys  of  interest  include  iron-base  alloys  (Fe-C'-P,  Fe-( -If,  etc.),  nickel-base  alloys  (Ni-C'-P,  Ni-C'-lf,  etc.) 
and  refractory  metal  base  alloys  (Mo,  W,  etc.). 

Masumoto  reviewed  some  of  the  more  interesting  properties  and  characteristics  of  amorphous  metals 
prior  to  reviewing  some  on-going  projects.  .Amorphous  metals  have  no  dislocations  so  that  deformation 
tnechanisms  different  from  those  applicable  to  crystallitie  metals  must  be  conceived.  There  is  no  strain 
hardetting  in  either  tension  or  compression  and  the  amorphous  state  therefore  produces  an  ideal  elastic- 
plastic  response  to  stress.  There  is  not  tnuch  ductility,  but  amorphous  metals  c^n  be  strong  and  tough.  Sur- 
prisingly there  is  but  a small  si/e  effect  on  stretigth  (low  notch  sensitivity).  The  lack  of  grain  boundaries 
eliminates  such  phenomena  as  grain-boundary  sliding  and  pit  nucleatioti  and  grain-boutidarv  cracking  in 
corrodents.  ■ 

The  amorphous  structure  is  also  conducive  to  high  magnetic  permeability,  magnetostriction  and  elec- 
trical resistance.  There  is  low  sound  velocity  and  low  sound  attenuatiott.  The  temperature  coefficients  of 
thermal  expansion  and  elastic  cotistants  are  low  . There  is,  of  course,  high  resistance  to  radiation  damage. 

In  addition  to  good  static  strength,  the  fatigue  strength  of  amorphous  metals  is  high.  There  is  a sharp 
knee  in  the  S-N  curve.  Fatigue  cracking  involves  the  nucleatioti  and  growth  of  cracks  which  produce  stria- 
tions  on  the  etack  surfaces.  The  fracture  surface  markings  are  formed  by  alternating  plane  strain  shear  at 
the  crack  tip. 

If  amorphous  tnetals  are  heated  to  the  point  of  recrystalli/ation,  there  is  generally  an  increase  in  stretigth 
and  hardness  but  a loss  of  ductility.  Some  iron-base  alloys  become  quite  brittle  upoti  aging  near  the  point 
of  recrystalli/ation  without  much  change  in  hardness  or  strength. 

The  strength  of  amorphous  tnetals  is  strongly  influenced  by  composition,  especially  by  the  concentra- 
tions of  metalloid  elements  (C,  P,  H,  Si).  The  outer  electron  coticetitration  of  metals  affects  the  bonding 
between  atotns  and  in  turn  the  hardness  of  amorphous  alloys  containing  metalloids.  Thus  itt  the  l-e-l’-C' 
system,  the  hardness  decreases  when  the  atomic  number  of  an  alloying  element  is  larger  than  that  of  iron 
and  increases  wheti  the  atomic'  number  is  smaller  (hardness  decreases  with  inereasing  e a ratio).  In  the  iron- 
base  alloys  the  metalloids  harden  in  the  order  P<C'<lKSi  so  that  highest  hardness  is  observed  in  the  I e- 
Si-B  systems.  For  a giveti  metalloid,  hardness  increases  in  the  order  l•e<C'o<Ni.  Thus  superior  hardness  is 
seen  in  the  systems  Ni-Si-B  or  Co-Si-B.  The  recrystalli/ation  temperatures  iti  such  systems  are  also  higher. 

As  for  chemicai  properties,  it  is  evident  that  the  amorphous  metals  are  subject  to  hydrogen  embrittle- 
ment and  will  corrode  under  the  proper  conditions;  however,  sotne  alloys  display  spectacular  corrosion 
resistance.  Amorphous  metals  based  on  I'e,  Co  atid  Ni  which  contain  large  atnounts  of  metalloids  are  more 
susceptible  to  hydrogen  embrittlement  than  ordinary  steels.  Susceptibility  does  not  necessarily  lead  to 
stress  corrosioti  cracking  unless  the  alloy  is  poorly  corrosion  resistant. 

Recently,  Masumoto  and  his  colleagues  have  shown  that  additions  of  Cr  to  Fe-rich  amorphous  alloys 
improves  corrosion  resistatice  greatly.  In  fact,  F'e-P-C  alloys  with  Cr  are  superior  to  stainless  steels  with 
respect  to  pitting  and  crevice  corrosion  in  chloride  solutions.  It  has  been  shown  that  the  excelletit  corrosion 
resistance  cotiferred  by  the  Cr  is  not  achieved  unless  the  structure  is  amorphous.  The  superiority  of  the 
amorphous  structure  combined  with  the  presence  of  Cr  is  attributed  to  the  following: 

1)  The  surface  film  which  forms  is  protective  and  is  mainly  chromium  oxyhydroxide, 
Cr(\(0H)....xnFT-0. 

2)  The  alloys  are  in  fact  very  active  chemically  and  form  the  passive  film  very  rapidly.  If  the  film  is  rup- 
tured, recovery  is  fast.  ^ 

3)  The  pa.ssivc  film  resists  corrosion  because  only  the  one  phase  of  amorphous  metal  is  involved  atid 
there  are  no  crystal  defects  or  grain  boundaries  to  act  as  corrosion  initiatioti  sites. 

Masumoto  discussed  current  efforts  to  improve  the  strength  and  corrosion  resistance  of  amorphous 
metals  through  compositional  variatiotis.  In  collaboration  with  M.  Naka,  and  K.  Flashimoto,  for  example, 
he  has  produced  a paper,  “Effects  of  Additive  Metalloid  Elements  on  Corrosion  Resistance  of  .Amorphous 
Iron-Chromium  Alloys.”  The  corrosioti  resistance  increases  in  O.IN  H;S()4  iti  the  order  Si-*B-*('-*F  and 
in  3 percent  NaCI  in  the  order  B-»C-*Si-*P.  An  alloy  based  on  the  metalloids  Si  and  B is  attractive  com- 
pared to  an  alloy  based  on  P and  B for  corrosioti  resistatice  to  saltwater  and  for  increased  strength  (in  iroti- 
base  alloys  containing  Cr).  One  problem  is  to  overcome  the  embrittlement  ol  these  alloys  which  may  occur 
on  aging  at  sub-rccrystalli/ation  temperatures.  Optimum  corrosivvn  resistatice  requires  the  presence  of  both 
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P and  C'r.  At  this  time  studies  on  why  other  metalloid  elements  are  not  effective  in  improving  corrosion 
resistance  is  under  study. 

Important  papers  relating  to  this  area  of  work  are  published  in  Corrosion  Science,  16,  935,  1976;  16, 
9()9,  1976,  /6,  71,  1976  and  Corrosion,  32,  146,  1976,32,  321,  1976. 

.An  excellent  review  of  the  research  on  amorphous  metals  is  given  in  Sci  Rep  RITU,  A-vol  25,  L32,  1975. 

In  related  work.  Dr.  A.  Inoue,  a colleague  of  Masumoto  is  trying  to  produce  high  Cr-high  C steel  by 
rapid  quenching  from  the  melt.  A eutectic  alloy  containing  3.6  percent  C and  17  percent  Cr  is  one  composi- 
tion of  interest,  in  part  because  only  austenite  and  cementite  places  are  involved  after  a rapid  cool. 
However,  the  rapidly-quenched  alloy  yields  carbides  and  some  ferrite  on  reheating  to  400°C  and  the 
precipitation  of  Cr-Ci  carbides  occur  w ithin  the  cementite  at  600°C  (in-situ  carbides). 

In  a rapidly-quenched  alloy  of  iron  containing  2 percent  C and  30  percent  Cr,  ferrite  is  present  and  there 
is  a fine  carbide  mix  of  M.mC,  and  Cr-Ci. 

The  hope  is  to  produce  these  alloys  in  a strong  and  ductile  form,  and  some  success  has  been  achieved. 
Tor  example,  an  Te-l6Cr-l2Ni-3C  alloy  is  ductile  as  quenched.  Six  percent  elongation,  a hardness  of  650 
VHN  and  a strength  of  200  kg/mm’  is  obtained.  Carbides  of  the  Cr-Ci  type  which  are  only  several  thou- 
sand angstroms  in  diameter  are  dispersed  in  the  matrix.  No  cementite  forms.  The  alloy  is  attractive  in  that 
a high  strength  steel  is  obtained  on  quenching  and  there  is  no  need  to  roll,  draw  or  forge  to  obtain  good 
properties. 

There  are  also  some  efforts  underway  to  improve  the  magnetic  properties  of  certain  amorphous  alloys. 
Amorphous  alloys  which  show  zero  magnetic  anisotropy  should  be  magnetically  soft  and  have  high 
permeability.  One  such  alloy,  Te..X'o  o..  Si,,B,o,  appears  to  have  permeability  equal  to  Permalloy.  Prac- 
tical uses  of  the  material  are  being  explored. 

Dr.  Toshio  Hirai,  another  Masumoto  associate,  is  working  on  the  preparation  and  properties  of  amor- 
phous and  crystalline  silicon  nitride.  Apparently  the  methods  of  using  CVD  processes  have  been  highly 
developed  by  Hirai  and  he  claims  to  be  able  to  produce  the  material  at  near  theoretical  density  and  in 
thickness  of  4.6  mm  at  a rate  of  1 .2  mm/  Hr.  There  are  apparently  no  residual  stresses.  A density  of  3.17 
(compared  to  a theoretical  density  of  3.18)  is  measured  for  the  crystalline  form  and  from  2.60  to  2.87  for 
the  amorphous  form,  depending  on  the  conditions  of  deposition. 

According  to  Hirai,  hot-pressed  silicon  nitride  is  less  oxidation  resistant  at  15(X)°C  than  the  highly  dense 
silicon  nitride  which  he  deposits  by  CVD. 

There  is  interest  in  the  mixed  nitrides,  borides  and  carbides  of  silicon  also  as  possible  improvements  in 
oxidation  resistance  and  toughness  compared  to  silicon  nitride.  Thus  at  present  measurements  of  at 
various  temperatures  are  being  made  on  ceramics  in  the  Si-N-C,  Si-B-N,  and  Si-B-C  systems.  There  is  also 
an  interest  in  the  oxynitride  of  silicon,  SiiO-N.,  which  is  derived  from  SiiN4  through  oxidation.  The  latter 
compound  is  regarded  as  having  attractive  potential  for  gas  turbine  blades. 

Hirai’s  group  is  also  studying  thermal  conductivity  by  the  laser  thermal  pulse  method  and  studying  the 
recrystalli/ation  of  amorphous  silicon  nitride  with  a high  temperature  (to  2500°C)  X-ray  diffractometer. 

These  and  other  related  subject  areas  under  study  at  the  Laboratory  for  Special  High-Temperature 
Materials  Science  are  described  in  greater  detail  in  Journal  of  Materials  Science,  II,  604,  1977,  12,  631, 
1977  (letters),  12,  1233,  1977.  J2,  1243,  1977;  Journal  of  Crystal  Grow  th.  36,  157,  1976;  SCI.  REP.  RITU, 
.4-To/26,  1977v  Journal  American  Ceramic  Society,  59,  324,  1976. 

Two  volumes  on  the  amorphous  materials  studies  at  thb  Research  Institute  of  Tohoku  University  are 
available  which  summarize  this  work  very  well.  The  reports  are  identified  as  Series  A,  Volume  26,  No.  I, 
June  1976  and  Volume 26,  No.  4-5.  March  1977. 

The  tour  of  the  Research  Institute  for  Iron,  Steel  and  Other  Metals  was  highlighted  by  a visit  which  Pro- 
fessor Masumoto  arranged  to  the  Metals  Museum  of  the  Japan  Institute  of  Metals,  which  is  attached  to 
Tohoku  University.  The  Museum  was  founded  in  1975  for  the  purpose  of  furthering  knowledge  of  both 
ferrous  and  nonferrous  metals.  The  Museum  regards  itself  as  the  only  such  metals  integrated  institution  in 
the  world  in  the  sense  that  it  encompasses  all  metal  and  alloys  in  the  field  of  metallurgy. 

The  exhibits  include: 

1)  Archaeological  material  on  metals  gathered  throughout  the  world. 

2)  Models  and  technical  objects  from  the  iron  and  copper  smelling  in  ancient  Japan. 

3)  Historical  literature  and  models  which  illustrate  the  role  of  metallurgy  in  the  modernization  of  Japan. 

4)  Miniature  plant  models  and  product  displays  of  the  leading  metal  producers  of  the  world. 

5)  Industrial  art  objects  such  as  swords,  ceremonial  iron  pots  and  illustrations  of  their  production  by 
traditional  Japanese  techniques. 

In  addition  there  are  collections  of  the  writings  of  Kotaro  Honda  and  kuniichi  Tawara,  who  founded 
metallurgical  science  in  Japan.  A future  goal  is  to  collect  as  many  technical  objects  and  rare  books  of 
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nK'ialliirgical  sigtiiticant'c  and  hisiorical  \aluc  as  possible.  One  really  inieresiing  projeci  is  the  grow  ing  eol- 
kviion  ot  reeorded  leeiiires  and  speeches  of  the  most  famous  metallurgists  of  the  world  (the  writer  was 
regretahiv  but  understandably  not  requested  to  record  his  talk).  The  Museum  is  extremely  interesting,  as 
tor  example,  m reviewing  the  evolution  of  the  manufacturing  processes  for  producing  Japanese  swords 
.•\ny  metallurgist  visitor  to  Sendai  should  really  plan  to  see  the  Museum. 

In  general  the  Research  Institute  lor  Iron,  Steel  and  Other  Metals  complements  the  general  excellence  of 
the  materials  science  areas  at  1 ohoku  University.  The  three  days  at  Sendai  were  well  spent,  and  the  friend- 
ships made  there  are  almost  certain  to  be  a future  source  of  knowledge. 
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I'hc  Rcsearcli  ami  Oevclopmcnl  Division  ami  C'onirol  Research  I ahoialoiy  irl  Daulo  Sieel  Co.,  1 id., 
were  visited  in  connection  with  a lecture  delivered  to  the  .lapan  Iton  atid  Steel  Ittstitiite  and  the  lapan 
Welding  Society  in  the  Daido  I'acilities. 

The  Central  Research  I'acilities  iticlnde  att  experimental  ineltitig  shop  eipnpped  with  \atioiis  special 
melting  I'urtiaces  atid  test  shops  for  I'orgitig,  heal  treatment  and  welding.  The  lahoratory  is  etinippeil  with 
mass  spectrometers,  thermal  faiigue  testers,  electron  microscopes  and  the  nsnal  mechanical  test  api'araius. 

.Among  the  achievements  of  note  is  the  Daido-developed  iilasma  induction  melt  furnace  (I’ll  ) foi 
vacuum  induction  melting  (VIM),  l or  the  vacuum  arc  retneli  (V.AR)  and  electroslag  remeli  (I  SR)  (vo 
cesses  Daido  has  developed  its  own  plasma  progressive  casting  furnace  (I’l’C).  I'hese  ptocesses  are  claimed 
to  reduce  nonmetallic  inclusions,  gases  and  other  impurities  even  more  efficiently  than  consentional  \ IM, 
V.AR,  I'SR  and  HHR  (electron  beam  remeli)  processes. 

Daido  also  is  actively  engaged  in  developing  improved  weld  wire  for  a number  of  application'',  l oi  ex 
ample,  a wire  for  improved  CO.  (CO.  - O..)  - arc  welding  has  advanced  automated  welding.  Dhta  low  cat 
bon  stainless  electrodes  have  been  de\  eloped  for  atomic  ;md  chemiciil  eiiuipineni.  .At  present  effiu  is  are  be 
ing  made  to  make  further  improvements  in  filler  materials  for  joining  cryogenic  as  well  as  heat  and  weai 
resistant  materials. 

Of  course  there  are  continuing  efforts  to  make  steel  stronger  and  tougher.  Such  efforts,  it  was  pointed 
out,  have  nearly  doubled  the  strength  of  structural  steel  over  the  past  .R)  years. 

Otner  special  properties  under  investigation  are  maehinability  (inclusion  control),  corrosion  and  siiess 
corrosion  resistance  (precipitation  hardening  stainless  steels  and  duplex  stainless  steels),  high  iem)setaiuie 
properties,  magnetic  properties,  glass  sealing  properties  and  properties  of  powdered  metals  (Daido  has 
developed  a unique  metal  atomi/alion  process). 

The  comfiany  is  under  the  strong  leadership  of  I’resident  Ki/o  I'akeda.  lie  is  gradually  diversifying  the 
product  line  and  the  company  is  now  producing  industrial  furnaces,  environmental  control  systems,  laboi 
saving  devices  and  other  items  not  ordinarily  associated  with  a steel  company.  I he  claim  is  made  th.ii 
Daido  Steel  Company  is  looking  forward  and  preparing  even  now  for  Ihe  2 1 si  century,  w hen  it  is  \ isuali/ed 
that  the  company  name  may  have  to  be  broadened  to  "Daido  of  New  Materials."  Whatever  it  may  he 
called,  one  is  impressed  with  the  forward-looking  attitude,  and  whatever  the  challenge  ahead,  one  is  confi 
dent  that  Dtiido  will  be  as  preisared  as  tiiiy. 
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Ki'l'o  Sled,  I til,  pioiluios  not  onl>  ii  on  anil  sied.  Inn  also  makes  oi  proeesses  alimiininn,  magnesinin, 
eoppei , lanialnin,  /iieoninin  anil  titaiiiiim  alloys.  I liese  haste  inei.tl  opeiaiion.s  ate  iniegiaieil  iiiili  a host 
ol  eitietprises  iihieh  use  metals,  sneh  as  maelnneiy  lor  ehemieal  plants  ami  eonstt iieiion.  The  eompatn 
tlieieroie  pioiliiee.s  also  eastings  ami  lotgings,  entiing  tools,  weliling  eleettiules  ami  a variety  ol'  eiinipment 
.issoeiaieil  with  eni ironmenial  eonirol  leelmology  ami  mieliMt  energy  applieations.  In  short,  kohe  Steel  is 
another  large  eompany  iihieh  has  iliiersit'ieil  to  pioviile  ;i  market  lot  its  own  metals  proilnetion  ami  pio 
mote  a keener  eompetitive  position  ami  resilieney  both  at  home  ami  ihronghont  the  w orlil. 

1 he  researeh  aetiv  iiies  ol'  the  eompany  are  eomlneieil  at  the  C entral  Researeh  1 ahotiiioiy  in  kohe,  the 
Sttnetnral  Engineering  I ahoraiory  in  .Amagasaki  ainl  the  I'limlatnenial  Keseaieh  I ahortiior.i’  in  Asaila.  On 
tins  oeeasion  theC’eniral  Researeh  I ahoratory  was  lisiteil  ami  the  Sirnetniiil  Ingineering  I tihoratoiy  was 
toiireil  hriel'ly.  Mr.  k,  llosonii.  Chief  Researeher,  was  host. 

The  Central  Researeh  I ahoratory  employs  ahoni  3S0  people  ami  enjoys  a hmlget  of  appro\imatel>  S 
million  ilollars.  limler  a ilireetor  of  RA;1)  ihete  is  a genertil  managei  who  eonirols  14  leehnieal  gioiips.  I he 
lahoraiory  develops  proiluets  ami  proeesses  whieh  are  seen  as  eonneeteil  to  the  eompany’s  fntnte  pioihieis, 
and  to  a degree  the  lahotaiory  is  also  expeeied  to  lead  the  eomptmy  into  new  market  fields  and  into  the 
ntili/ation  of  newly  deieloped  materials.  I'hus,  although  the  lahotitiory  mission  is  highli  eonseiiaiiie, 
there  are  hnilt-in  aieehanistns  to  insure  that  new  materials  deielopments  will  he  inili/ed.  This  is  often  .i 
prohlein  w here  materitils  researehers  are  isolated  from  the  ilesigners  and  mannlaetiners. 

Hie  RiStl)  niaiiagenieni  of  the  Ceiiiral  Researeh  1 ahoraiory  (CRl  ) follows  the  ‘‘piii’rii>  prineiple”  in 
whieh  a large  nimiher  of  researeh  proposals  are  evalnated  for  leehiheal  ;ind  econoniie  mein.  Hie 
lahoraiory  often  pursues  a researeh  projeel  until  prodiieiion  is  esiahlished,  so  that  eniph.isis  is  alwavs  on 
the  iiiili/ation  of  R&H  aeiiviiy  in  profit-making  eniei prise.  A brief  deseiipiioii  of  the  aeiiiiiies  of  the 
larioiis  researeh  groups  follow  s; 

1)  Iron  making  and  ore  ireaimeni  - improied  ore  iieaimeiii  for  produeing  self-fluved  pellets  and 
sintered  ore.  Iiiipnned  desulfuri.'aiion  in  the  hlasi  fiirnaee  and  more  effieieni  use  of  fuel. 

2)  Steel  making  proeess  researeh  • efforts  to  prodiiee  low -sulfur,  low -phosphorus  steels  uiili/ing  1 H 
steel  making  proeesses,  the  shaking  ladle  (DM  I’roeess)  ami  laeiinm  degtissing.  Simlies  of  slags  and  deox- 
idation reaeiions. 

.))  Casting  researeh  - fumlameiiials  of  solidifiiMiion  and  niiiiinii/aiioii  of  segiegtiiion  in  eoiiiinuous 
easting.  C'asting  of  high  nualiiy  large-seale  ingots. 

4)  Siruelural  steel  and  forged  produel  deielopnieni  - use  of  heal  ireaimeni  ami  eomposiiion  eonirol  to 
improve  toughness  ami  strength  of  hot -rolled  steels,  steel  forgings  and  steel  eastings.  DeM'lopnieni  of  ihiek 
steel  plates  for  siruelural  use. 

.Sheet  and  wire  irroiluei  develo(mient  - leelmolog.i  of  rolling,  pressing  and  diiiwing  of  steel  sheet  and 

wire. 

6)  High  strength  steel  and  high  leinperaiure  steel  deielopmeni  - fundamental  studies  of  ereep  and 
strength  - sirueiure  - eomposiiion  relationships.  Deielopmeni  of  free  inaehining  steels.  Deielopmeni  of 
hydrosiaiie  extrusion  proeesses.  Development  of  maraging  steels  and  steels  resistant  to  delayed  f;iiluie. 
Heat  resistant  steels. 

7)  Welding  researeh  - fundamental  studies  on  welding  ;md  iveldahiliiy.  I'mphasis  oit  high  strength  steels 
and  weld  eraeking  prohlems.  Development  of  new  high  strength  steels  with  improied  weldahiliii  (e.g.  low 
earlton  normali/ed  steel). 

8)  Corrosion-resisiaiii  mitierials  - development  of  improved  stainless  steels  for  the  ehemieal  imlusiry. 
Development  of  low  alloy  steels  resisiiim  to  sulfur  dew-point  eorrosion,  aimospherie  eorrosion  ami  sett 
water  eorrosion.  Corrosion  studies  on  eoppei  and  aluminum  alloys  ami  on  reaeiive  metals  sneh  as 
liianium,  /ireonium  and  tantalum.  Developed  I .AICOR-S,  a steel  resistant  to  sulfur  dew  point  (sulfui  in 
boiler  exhaust  gas)  eorrosion  and  ausieniiie  l.SCr  - 15  Ni  - Si  stainless  steel  for  resistanee  to  stress  eorrosion 
eraeking.  I'aeiliiies  inelude  arrangement  for  reeireuliiiing  sea  w;iier. 


'))  Metal  tinishiiig  - gaKani/iitg,  chroini/ing,  ckviiolyiie  po«ilci  eoatiii{!,  painting.  Insulation  coating 
of  magnetic  steel  sheets.  l)e\elopment  of  new  finishing  ami  coating  techniipies  such  as  the  plastic  coating 
of  cables  for  suspension  bridges. 

10)  .Mutnitnim  dexelopment  - studies  to  itnprove  forinability  by  control  over  texture.  Deselopmetit  of 
piecipitatioit  hardened  alloys  for  structural  use. 

1 1)  l itaniuin  development  - development  of  production  technii|ues  for  titanium  alloy  flat  rolled  prod- 
ucts and  castings.  .Application  research  toward  use  in  automotive,  aircraft  and  rocket  structures.  I im- 
damental  research  on  plastic  deformatioti  atid  phase  transformation.  Developments  include  an  alloy  used 
for  VrOl  engine  parts  and  automotive  valves  (K.SI.fO.AC'l  ) and  a corrosion  resistant  titanum  tantalum 
alloy  I \'i-5 1'a)  for  use  with  nitric  acid. 

12)  Reactor  materials  - development  ol  nuclear  luel  cladding  mateiials,  particularlv  /irconium  alloys. 
Prevention  of  embrittlement  in  /irconnun  tubes  by  restricting  hydride  precipitation  to  circumferential 
liirections. 

1.1)  Powder  metallurgy  - steel  powder  development  for  good  compaction  qualities.  Development  of 
forging  proces.ses  for  powder  metal  preforms. 

14)  .Analysis  resetirch  - analyses  of  trace  elements  and  dispersed  jihases.  Pollutatit  trace  analyses. 

In  technical  discussions  at  ('Kl  , 1.  Sakai  and  II.  Kaji  first  described  sotne  recetit  work  on  the  nucleation 
and  growth  and  coalescence  of  methane  bubbles  in  low  alloy  steels  attacked  by  hydrogett.  Ibis  work, 
presented  to  the  Spring  Meeting  of  ISI.1,  .April  1^77,  is  essentially  a series  of  SPM  observatiotis  on  several 
alloy  steels  to  observe  directly  the  voids  formed.  The  results  are  treated  according  to  the  model  developed 
by  Shew  moil  and  by  Raj  and  Ashby.  It  was  found  that  bubbles  nucleate  heterogeneously  at  carbide  grain 
boumlaries.  I'he  density  of  bubbles  is  independent  of  temperature  but  dependent  on  heat  treatment  and 
microsiructure  and  eomposilion.  Hie  density  of  bubbles  in  2' 4 C'r-lMo  steel  was  much  lower  than  in  steels 
with  lower  concentration  of  t'r  and  Mo. 

rite  growth  rate  of  methane  bubbles  is  temperature  dependent  as  well  as  heat  ireaimeni  and  composition 
dependent.  Hubble  growth  is  severe  at  coarse  grain  boundaries  such  as  seen  in  the  H.A/  of  welds.  I'ensile 
stress  appears  to  accelerate  growth. 

rite  general  conclusions  indicate  that  iheShewmon  model  is  indeed  predictive  and  that  Raj  and  Ashby’s 
equations  may  relate  internal  bubble  pressure  to  such  factors  as  composition  and  structure.  The  resistance 
ol  low  alloy  steels  to  hydrogen  attack  which  is  characterized  by  methane  bubble  tormation  is  dependent  on 
the  potential  internal  pressure,  which  influences  the  resistance  of  the  steel  to  the  nucleation  of  bubbles. 

I . I'ujita  and  colleagues  next  discussed  some  el  I oris  to  develop  steels  which  are  resistant  to  stress  corro- 
sion cracking  in  water.  Some  measurements  ol  the  delayed  failure  properties  of  high  strength  steels  are 
described  in  Proc.  of  Second  Internaiional  Conference  on  I raciure,  Hrighion,  l%7.  Results  of  notched 
tensile  tests  in  water  showed  that  delayed  failure  sensitivity  is  related  pritnarily  to  strength  level.  .Almost  all 
the  low  alloy  steels  were  insensitive  to  SCC  to  about  the  1 10  Kg  min'  yield  strength  level,  and  sensitive  at 
higher  yield  strength  level.  I'lie  exception  was  maraging  steel  which  remained  insensitive  to  the  140 
Kg  mill'  yield  strength  level.  I he  time  to  lailure  was  reduced  with  increase  of  lemperature.  I he  maraging 
steels  were  more  sensitive  with  insufficient  aging,  despite  good  tensile  ductility. 

In  later  work  (Hydrogen  Conference,  l irminy,  1 ranee,  l')7.1)  the  atithors  describe  tests  on  1 Rll»  steel, 
maraging  steels  and  high  carbon  steel  wire.  .Again,  it  was  sluSwn  that  the  susceptibility  to  delayed  failure  of 
most  steels  is  dependent  mainly  on  strength,  with  a critical  yield  strength  level  of  about  1 10  Kg  mm'.  In 
getieral  att  increase  in  toughttess  increases  resistance  to  delayed  failure  embrittlement,  but  itt  some  cases  an 
overaged  conditioti  is  better  than  the  imderaged  eotidition  even  though  tensile  ductility  is  high  itt  both 
cases.  Additions  of  I i and  .Al  were  found  to  be  beneficial,  presumably  because  these  eletnetits  decrease  em 
brittlemettt  by  nitrogen  at  .1.‘'0”('  (there  was  tio  metition  of  the  possible  tie  of  Ti  to  hydrogen  as  has  been 
proposed  in  some  .American  work).  I lte  presence  of  Ti,  ,AI  and  N of  course  also  restricts  grain  size,  which 
was  also  lound  to  be  beneficial.  Both  I'RIP  steels  attd  cold  drawn  high  carbon  steel  were  foutid  to  be 
susceptible. 

All  this,  of  course,  leaves  little  optimism  for  the  desired  development  of  high  strength  steel  bolts  w it  It  l.K) 
Kg/mm’  yield  strength  which  are  also  lesistant  to  delayed  failure.  The  current  solutiott  which  I ujita  and 
others  propose  involves  softening  of  the  surface  layer  of  hardened  steels,  to  reduce  the  susceptibility  to 
hydrogen  attack.  The  soft  layer  would  be  0..S  to  .1.0  mm  thick  and  could  be  produced  by  induction  heatitig 
or  by  t he  applicatioti  of  a surface  overlay. 

In  recetit  work  l•ujita  atui  colleagues  have  studied  utistable  fracture  criteria  vvheti  large  plastic  deforma- 
tioti is  involved  (presentation  at  the  Waterloo  Conference  on  I raciure,  .lime  1977),  ,A  fracture  criteria  for 
unstable  ductile  failure  of  notched  plates  under  uniaxial  tension  is  described. 
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Y.  Vamada  described  an  iiiieresiing  invesiigaiioii  relaiiiig  the  rimdamenials  of  sialic  sirain  aging  iil 
euiecioid  carbon  sieel  lo  a praciical  industrial  problem.  Ii  was  obsersed  ihai  wires  ol  eiiiecioid  sieel 
drawn  in  summer  olien  cwseloped  surlace  cracks  whereas  wire  drawn  in  winter  did  not.  The  static  strain 
aging  which  causes  the  cracking  was  shown  to  be  very  sensitive  to  temperature.  Since  the  work  of  drawing 
is  largely  converted  to  heat,  it  is  bcnelicial  to  keep  the  metal  cool.  Vamada  and  others  ihercrorc  devek'ped 
a means  ol  cooling  the  drawing  dies  tiiul  wire.  This  pci  mils  a higher  draw  rate  with  belter  c|ualii\.  Ihc 
system  lor  cooling  the  dies  is  described  m W ire  .lournal,  .liily  U)'7b.  1 he  ruiuiamcnials  of  the  strain  aging 
processes  which  must  be  controlled  arc  described  in  Irans.  ISI.I,  /rt,4l"',  1976. 

Ihe  comptiny  has  al.vo  been  active  in  the  provluclion  of  ship  propellers  of  Mn  bron/c,  Ni-Mn  bri>n/e, 
high  Mn  \l  bnui/c  and  siainicsv  steels.  \ new  stainless  steel  cast  piopeller  has  respoiulcd  well  in  25  vc;ir 
ship  tests.  I he  composition  is:  ^ ().()7(  . $ 1 (iSi,  ^ I .(I  Mn,  « 11.04  1*.  ^ 0.04  S,  < 2.5  C'u.  4. 5-6.0  Ni,  It)- 1 5 
C'r,  0. 10- .TO  Mo,  < 1 .0  Nb.  An  allov  propeller  material  of  this  class  is  now  being  tested  in  the  I'niied  States 
(Hoeing  ( ompanv)  as  a possible  alternate  lo  I'  4 I’ll  steel.  1 he  Kobe  lest  results  arc  described  in  two  un 
numbered  reports  published  in  March  bv  the C asting  and  I orging  Division. 

Ihe  Sirucluial  1 nginccring  I abv'raioi>,  as  vlcscribcvl  by  the  host.  Dr.  Noshio  Namita,  is  involved  in  the 
fi'llovving  aiciis: 

1 ) I I'lig  span  suspcusivui  br'ilgcs. 

2)  Structural  anaivses  (buildings,  bi  iilges,  shijss,  pressure  vessels). 

5)  I oail  carrying  ciipacilv  of  frame  siruciurcs  such  as  bridges. 

4)  C oncrete  structures. 

5)  I raciurc  mechanics,  brittle  fracture  and  fatigue  studies. 

6)  I ightweight  metal  siruciures. 

Ihc  laboratory  has  produccil  60-70  percent  of  the  software  for  the  I lonshu-Shikoki  briilgcs  now  uiulcr 
construction.  Kobe  is  supplying  cables  for  these  bridges  of  I SO  Kg  mm  ’ steel. 

I he  laboratory  equipment  includes  a .T)00  ton  tensile  testing  machine,  a I 5 x 1,5  meter  test  bed  of  rein 
lorced  concrete,  a .TH)  ton  universal  testing  machine  for  full-scale  tests  on  beams  aiul  columns,  a 100 
ton  60  ton  servo-hyilraulic  fatigue  testing  machine,  a 20  ton  low  cycle  hitiguc  testing  machine  (also  servo 
controlled)  and  a model  test  room. 

In  general,  both  the  C enir;il  Research  I aboraiory  aiul  the  Structural  I nginccring  I ;ibor;iiorv  arc  im\ 
pressivc  as  highly-effective  problem-solving  organi/aiions.  F hcie  arc  certainly  am[vlc  scientific  excellence 
and  line-iuncd  engineering  abiliiv . I he  only  regret  is  that  there  was  not  an  I'pportunity  vvn  this  occasion  tiv 
visit  the  I imdanienial  Research  I aboraiory,  w hich  must  be cqnallv  excellent. 


NIPPON  stkki.corporahon 
FUNDAMKNTAl.  RKSKARC'H  I.AKORA TORIKS 


The  FuiKiamciual  Research  I ahoratories  of  Nippon  Steel  C'orpoiaiioit  is  one  of  the  thiee  ‘‘cotpoiaie” 
laboratory  groups  which  report  to  the  Presitletn  via  a Researcli  aiul  Development  Ihncan.  Oihei 
laboratories  are  in  existence  within  the  cotnpatiy,  but  these  are  associated  with  the  various  Wot  ks  w Inch  ate 
foutid  throughout  Japan. 

The  FTnulamental  Reseaich  1, ahoratories  are  located  in  Kawasaki  C'ity,  I'he  two  othci  “cotpoiate" 
research  laboratories  are  the  Products  Research  atid  Development  laboratories  (also  visited)  in 
Sagamihara  C'ity  atid  the  Process  Technology  Research  atid  Developmetit  I ahoratories  in  Kitakviishii  C'i 
ty,  Fukuoka. 

The  Director,  Dr.  Shiti-ichi  Nagashitna  first  described  some  of  the  history,  organization  and  functions 
of  the  Fundatnenial  Research  I ahoratories  (FRF).  The  laboratories  began  as  the  Fokuo  Research  Institute 
of  Yavvata  Iron  and  Steel  Institute,  l td.  Nippon  Steel,  fot  tned  by  merger  to  include  ^'awata  lion  and  Steel 
Co.,  was  established  in  March,  1970,  and  in  November,  1970,  the  present  FRl  was  organized.  I here  ate 
about  270  persons  employed  of  whom  about  60  percent  are  professional  level.  I hiiiy-one,  I'l  about  ten 
percent  hold  doctorates. 

The  laboratories  are  organized  according  to  eight  functions,  as  follows; 

1 . Fundamental  Research  Faboratory  1 — Strength  and  toughness. 

2.  Fundamental  Research  Faboratory  II  — Workability  and  plasticity. 

3.  Fundamental  Research  l.aboratory  111  — C'orrosion  and  heat  resistance. 

4.  Fundamental  Research  Faboratory  IV  — Raw  materials  and  iron  making. 

5.  Fundamental  Research  l.aboratory  V — Refining  and  solidification. 

6.  Fundamental  Research  Faboratory  VI  — Coating  and  new  materials,  including  compositev. 

7.  Measurement  Research  Faboratory  — Measurement  and  development  of  new  research  pioccdurcs. 

8.  Analysis  Research  Faboratory  — Chemical  and  instrumental  analysis. 

NViih  the.se groups  the  laboratory  performs  the  more  long-term,  future  oriented,  research  of  the  corpoia- 
tion.  It  was  stressed,  however,  that  they  interpret  the  word  "fundamental”  to  mean  purpose  oriented, 
high-potential  research.  The  similarity  to  the  ONR  mission  is  apparetit,  except  that  ONR  has  a greatet 
V a r ict  y o f " pu  rposes . ’ ’ 

A tour  of  FRF,  conducted  by  Dr.  F.  Murata,  Senior  Research  Metallurgist,  was  necessaiilv  short 
because  of  the  time  needed  for  discussions.  A variety  of  automated  analytical  ev|uipment  developed  bv 
FRF  for  such  elements  as  P,  Si,  Mn,  N,  and  O was  observed.  .Auger  atialyses  are  cottducted,  atid  a device 
to  fracture  samples  withiti  the  system  avoids  contaminatioti  of  the  surfaces  before  analysis.  Samples  can 
also  be  fractured  within  the  Auger  system  at  elevated  tetnperatures.  Fhis  is  useful  in  studies  of  hot  ductility 
and  temper  embrittlement  in  which  cotitaminants  may  segregate  at  elev  ated  temperatures. 

The  high  point  of  the  tour,  however,  was  the  one  million  volt  electron  miv’roscope.  Fhe  microscope 
which  of  course  provides  good  resolution  is  also  equipped  with  devices  to  heat  and  or  deform  specimens  in 
gas  atmospheres  up  to  20-50  torr.  Thus  the  generation  and  movement  of  defects  produced  by  these  forces 
can  be  observed  directly.  A taped  movie  of  some  previous  ob.servaiions  was  shown.  One  couhl  see  the 
movement  of  dislocations  as  iron  is  deformed.  As  temperature  increased,  transformation  to  austenite  was 
seen.  A particle  of  cementite  was  observed  to  dissolve,  and  the  carbon  diffused  along  a dislocation.  Fhis  is 
a spectacular  movie  indeed. 

Two  achievements  of  note  are  in  the  refining  and  metal  reduction  field.  Very  pure  stainless  steels  and  fer 
riKhromium  alloys  have  been  made  with  a process  called  metal  bearing  slag  refining  (MSR),  developed  at 
FRF.  The  level  of  phosphorus  in  both  ferrochromium  and  stainless  steel  can  be  reduced  to  5 ppm  by  this 
process.  The  process  is  now  in  pilot  plant  stage. 

FRF  is  producing  amorphous  metal  alloys  by  splat  cooling  and  is  looking  at  the  possible  fields  foi  ap 
plication.  The  excellent  corrosion  resistance  is  considered  an  important  attribute.  I aser  beams  are  being 
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used  as  a povMT  source  lor  welding,  and  laser  processing  techniques  to  produce  anuuphous  structures  are 
utider  consideration.  I'here  were  no  discussions  about  particular  weldittg  applications  ol'  lasers. 

rite  individual  researchers  at  FRl  are  engaged  in  a wide  variety  ol  activities.  H.  Okada,  V.  Hosoi  and  S. 
.Abe  have  been  studying  stress  corrosion  cracking  ol'  austenitic  staitiless  steels,  and  in  particular  the  role  of 
metal  dissoltitioti  dttring  SCC  iti  chloride  solutioti.  I ractographic  observations  of  the  crack  surfaces  have 
beett  tnade.  Type  .M)4  atid  .110  stainless  steel  fractured  tratisgratitilarly  in  boilittg  MgC'l..  (14.1°(').  Itt- 
tergratiular  fracture  was  found  iti  type  .116  staitiless.  Intergranular  fracture  was  favored  by  increasing 
percentages  of  Mo,  applied  stress  increases  and  lower  test  temperatures.  Also,  according  to  these  authors, 
l e and  Ni  dissolve  dttring  SC'C,  but  C'r  does  tiot.  A mechatiism  of  cracking  based  on  successive  tnetal  slip 
atid  metal  disolution  at  the  fresh  slip  faces  is  proposed. 

Okada  and  others  have  been  active  iti  international  eonferetices  such  as  the  recent  LISA-Japati  Con- 
feretice  on  Passiv  ity  and  Its  Breakdown  on  Iron  and  Iron  Base  .Alloys.  Okada  was  co-editor  with  ONR  con- 
tractor R.  Staehle  of  Ohio  State  University  of  the  proceedings  of  this  conferetice.  Among  the  several 
papers  presetited  by  FRl  investigators  were  analytical  studies  of  passive  films  by  .Auger  analysis,  studies  of 
the  tratisitions  in  fracture  modes  as  related  to  the  ctivironment  and  compositioti,  and  studies  of  the 
cathodic  reactions  at  fresh  surfaces  after  mechanical  rupture  and  the  effect  of  phosphorus  thereon.  One 
itiiportant  conclusioti  was  that  phosphorus  increases  the  hydrogeti  evolution  reactiott  at  fresh  surfaces  of 
staitiless  steels  at  low-  pU.  Chloride  iotis  mask  the  effects  of  hydrogeti,  but  not  at  high  straiti  rates;  thus, 
copious  quantities  ol  hydrogen  may  occur  at  crack  tips.  These  resttlts  lend  increased  significance  to  the  ef- 
forts of  l-Rl.  in  developing  the  new  metal  bearing  slag  refining  process  (MSR)  which  promises  the  produc- 
tion of  stainless  steel  of  e.xtremcly  low  phosphortts  contetit. 

Okada  atid  U . Shimada  have  also  studied  the  fortnation  of  rttst  on  cold  rolled  sheet  (Corrosion  JO  No.  3, 
1974).  Matiganese  sulfide  was  confirmed  as  the  source  of  rust  initiatioti.  In  water  a - (Mn,  I'efS  dissolves 
most  readily  if  the  solution  contains  oxygen.  In  liumid  air  at  bO^C  the  rust  formation  process  is  concluded 
to  be: 

1 . dissohttiott  of  some  a - (Mn,  Fe)S, 

2.  precipitation  of  fine  colloidal  particles  of  y - Mn.O,  (Mn. (>4)  around  theo-(Mti,  l-'e)S  particles  and 

3.  the  itiitiation  of  rttst  around  the  fine  y - Mti.-O.  (Mti..04)  particles. 

Valuable  summaries  of  the  corrosion  behavior  of  steels  atid  weldable  steels  have  been  produced  also  by 
F-'Rl.  (Nippon  Steel  rechnical  Report  Over.seas  No.  8,  May  1976). 

Dr.  M.  Nagumo  reports  some  interesting  results  on  the  tensile  fracture  processes  of  perforated  mill  steel 
sheet  (Acta  Met.  21,  1661 , Dec.  1973).  Fracture  did  not  take  place  by  hole  coalescence  but  rather  by  the  ini- 
tiation of  a shear  crack  at  the  side  of  a hole.  Comparison  of  the  plastic  straiti  energy  associated  w ith  the 
growth  ol  a hole  with  the  plastic  strain  energy  for  shear  cracking  produced  a criterion  for  the  onset  of  a 
shear  crack.  This  criterion  proved  to  be  applicable  to  predicting  the  effects  of  spherical  inclusions. 

Creep-rupture  studies  on  Inconel  617  at  1(K)0°C  in  helium  have  been  studied  by  Y.  Flosoi  and  S.  Abe  of 
FRL  (Met  Trans,  vol.  6A,  June  1975).  Oxygen  diminishes  ereep-rupture  times  by  decarburizing  the  steel. 
These  authors  were  very  aware  of  the  work  of  Dr.  P.  Shahiniati  of  NRL,  and  were  interested  in  hearing  of 
ShahiniaiTs  latest  activities. 

O.  Kommori  and  others  have  studied  the  isolation  and  chemical  analysis  of  inclusions  in  steels.  A paper 
was  presented  on  this  subject  to  the  1976  Pittsburgh  Conference  oti  .Analytical  Chemistry  and  Applied 
Spectroscopy,  March  2,  1976 (sec  also  JIM  /2No.  2 1971). 

Another  achievement  at  FRL  is  the  development  of  a Co-free  Ni-base  superalloy  for  the  HTGR  by  Y. 
Hcvsoi,  N.  Shinoda,  T.  Tsuchida  and  M.  Sakakibara.  The  alloy  is  composed  of  18  Cr  15  W and  0.5  Mo, 
with  small  additions  of  Y and  Zr  for  improved  creep  strength.  In  helium  the  alloy  meets  the  required  creep 
rupture  strength  of  I kg/mm-’  for  10'  hours  at  10(X)°C. 

N.  Nagumo  and  T.  Takahashi  presented  a paper  on  "Flydrogen  Embrittlement  of  Some  Fe-Base  Amor- 
phous Alloys”  at  the  Second  International  Conference  on  Rapidly  Quenched  Metals  at  MIT,  Boston,  Nov. 
17,  1975.  Interesting  features  of  the  hydrogen  embittlemcni  of  amorphous  metals  (from  cathodic  charging) 
are  that  the  Cr  in  the  Fe.oCrioPi.C.  alloy  contributes  to  the  high  corrosion  resistance  and  minimizes 
hydrogen  permeation.  When  hydrogen  embrittlement  is  observed,  it  proves  to  be  completely  reversible. 
Finally  the  authors  indicated  that  the  diffusion  rates  of  hydrogen  in  amorphous  alloys  arc  lower  than  in 
crystalline  alloys. 

M.  Nagumo  has  prepared  a paper,  “Initiation  of  Cracks  at  Delayed  Fracture  of  a Fligh  Strength  Steel” 
for  presentation  at  the  4th  International  Fracture  Conference,  Waterloo,  Canada,  June  1977.  An  acoustic 
emission  technique  shows  incipient  cracking  at  inelitsions  and  grain  boundaries  at  the  roots  of  stressed 
notches.  Thethreshold  stress  for  cracking  of  stressed  caihodically  charged  specimens  is  redueed  by  sohtble 
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iiiiioncii,  and  an  inicraiiion  between  soluble  nitrogen  and  liydrogeti  at  grain  bontidaiies  is  proposed.  In- 
ereasing  soluble  nitrogeti  also  produces  a chatige  in  fracture  tnode  Irotn  tratisgranular  to  intergranulat. 

I he  I Rl  is  engaged  iti  a multitude  of  other  research  efforts,  such  as  coatitig,  platitig  and  blast  furtiace 
techtiology,  but  the  above  descriptions  hopefully  itidicate  the  flavor  atid  thrust  of  11  R, 

The  overall  impression  is  that  this  is  a first-class  laboratory  w iih  an  eye  to  the  future.  The  laboratories  of 
Nippon  Steel  are  certainly  the  eiiual  of  comparable  laboratories  in  the  world  which  hare  beeti  obserxed. 
I he  scietitific  leaning  of  the  laboratories  coupled  w ith  the  cotitinued  cotnmercial  success  of  the  corporation 
suggest  that  perhaps  scieticeatid  profitability  are  cotnpatible  after  all. 


MIM'ON  SH  t l.COKPORA  HON  TKClINK  AI  IM  A I F 
RFSFAKt  II  I ABORAIORV 


I lie  Nippon  Steel  W oiKn  I abi'iaiory  at  Nagoya  seises  the  ihiek  jilate  ptoiliieiioii  aeiiwiies  i>r  the  et>in 
paiiy.  Miiek  plates  base  been  in  inei easing  ileinaiKl  as  iiKlustiial  plants  aiul  eiiinpments  base  teiuU\l  ti' 
beeotne  larger  and  subjeet  to  mote  sesere  leiiuiiements  in  leeent  seats.  1 beiinal  and  mieleai  |si>ssei  I'lants, 
li'i  example,  resiuire  large  boiler  ilriims  aiul  ['ressure  sessels  .iiii!  Itiel  oil  desulliiii/ation  le.ieti'is  reiiinie 
bigb  temperatures  and  pressures. 

Ibe  Nagiiya  Works  bas  a eapaeity  ol  sesen  imllion  tons  .mnualls,  I’Uites  up  ti'  eleseti  inebes  thiek 
sseigbing  u(s  to  M)  meirie  tons  can  be  I'abrieated  (lepi'iiedly.  only  one  U.S.  esunpans  ean  pii'duee  pl.ites 
this  tbiek).  Otber  than  tbe  problems  assoeiaied  ssitb  the  meebames  ol  b.indling  sueb  massise  pl.ites.  tbeie 
are  tbe  expeeted  problems  ssitb  porosity,  mieroeraeks,  purity  .mil  unil'otmity  ol  eiunpiisitiiin  isbieb  .tie 
eornmon  lo  tbe  prodiieiion  ol'  large  ingots  is  bieb  eaiiiuit  be  lu'i  is  oi  keil  or  redueed  sei  y niueb. 

Nippon  Steel  uses  l.'i.  and  UX)  ton  basic  electric  arc  I'uriiaces  (ssitb  electiomagnetic  induction 
agitators)  to  produce  lorged  slabs  and  a basic  oxygen  rurnace  to  proiluce  lolleil  slabs  (tbe  sl.ibs  in  eacb  c.ise 
are  snbseijuenily  rolled  into  plate).  I'lie  basic  electric  lurnace  pioduces  ingots  ssbicb  .lie  seis  Luge  .ind 
these  ingots  are  slabbed  by  bot-l'orging  ssitb  an  8(HXI-ton  I'oiging  pi  ess.  1 Ins  is  usel'ul  in  reinosiiig  oi  heal 
ing  bloss boles  and  microcas ities  in  tbe  ingots  tbrotigb  plastic  deriuni.ition.  I be  consentional  electiic  liii 
mice,  hossever.  reipiires  tbe  use  ol'  scrap,  ssbicb  creates  some  problems  ssitb  puiity  ssbicb  ate  asoided  ssitb 
tbe  basic'  oxygen  lurnace  ssbicb  does  not  reiiuire  scrap.  I be  latter  ruinace  is  tlieiel'oie  .itti.ictise  lot  Mii.illei 
plates  IS  itb  svbicb  sui  ricieiit  reduction  can  be  obtained  in  tbe  slabbing  rolling  mill. 

.Ml  slabs  are  beat  treated  and  surt'ace  conditioned  prior  to  plate-mill  rolling.  I ollossing  tins  tbe  pl.ites  .tie 
again  beat  treated  prior  to  inspection,  stiaigbieiiing  and  t'inal  ntecbanical  piopeiiies  tesi'.  Hiiliogeii  is 
alssays  a problem  ss  itb  large  ingots  and  plates,  because  tbe  dil'I'usion  path  to  tbe  sui  lace  is  L-iig  and  b.ni  line 
cracks  may  tberel'ore  occur  during  cooling.  Nippon  Steel  renioses  bvdiogen  tbiougb  sacuuni  deg.issnig  ol 
all  melts  and  tbrotigb  dehydrogenation  during  beat  treatnieni  I'oi  tbe  slabbing  and  plate  ni.ikmg  piocesses  ^ 

.•\  sside  variety  ol'  plate  steels  is  ptoduced  to  satisfy  sarying  seisice  rei|uiienients.  1 bus  a senes  ol 
sseldable  bigb-streng'.b  steels  (Wl  l I'l'N  class)  is  produced  ssitb  tensile  siiengib  tanging  beisseen  rs)  .iiid 
IIX)  Kg  nun'.  Die  N l'iif  steels  are  intended  lot  loss  lempeiaiuie  seisice  ( 4l>"  to  ISp  'i  ).  A numbei  ol 
loss-alloy  steels  for  niedium-bigb  and  bigb  lempeiaiure  seisice  in  bigb  lempeiaiure,  Ingb  piessuie  Svssels 
are  made.  .Atmospberic  corrosion  resistant  steels  of  the  C'liKK  I'l  N type  .iiid  N \\\  ispe  aie  .iKo  pio 
diiced.  rile  steel  S-  I'l'N  is  resistant  to  sulpburic  acid.  •Abrasion  resisiani  steels  of  the  Wll  1 I N .ind  N \W 
class  are  made  ss  itb  increased  bardness  by  use  of  losser  leniperiiig  leiiipeiaiiiies. 

Hie  research  work  conducted  by  the  laboiaiors  insolses  the  pioblems  of  piiiiiy,  segieg.iiion.  poiosiis 
and  structure  ssbicb  are  inbereni  to  thick  plate  iiianufaciure.  I'lie  luoblems  of  fabiicaiion  and  sseldmg 
relate  to  these  problems,  and  are  also  of  interest.  It  is  desireil  alss.tys  to  m.ixnni/e  lougluiesi.  sseld.ibibis , 
and  fabricabiliiy  and  to  tailor  properties  at  niinimuiii  cost  to  meet  specific  seisice  leiiuuemenis  Some 
specific  research  areas  and  problems  ss  liicli  ss  ei e discussed  on  i bis  s isit  folloss ; 

I)  Welding  of  bigb-strengib  (80  Kg  min',  UK)  ksi)  steel  foi  piessiue  sessels  I’lessiiie  sessels  are  field 
sselded  under  unfavorable  eiivironmenial  conditions.  One  bundled  percent  joint  efficiency  is  leiiuneil  .iiul 
the  welding  bas  to  be  done  under  great  resiraini  because  siicli  beas  y plate  is  used. 

Semi-automatic  aiul  automatic  weliliiig  proceiltires  are  gradually  being  iniiodiiced  for  the  8t'  Kg  mm' 
steel  (Wl'l-ri  N 80)  but  SM.AW  remains  the  dominant  ptaclice,  especi.illy  foi  spbeiical  tanks.  Ibi 
fortunately  SM.AW  sselditig  efficieney  is  influenced  gieaily  by  the  opeiaioi's  skill.  Oibei  pioblems  ssbicb 
become  intensified  in  the  svelding  of  bigb  sirengib  steel  are;  1)  the  steel  H A/  is  embiiitled  In  bigb 
lemperamres  and  the  ('late  cannot  be  reailily  press  sirengibened  oi  lormed;  2)  the  bigb  sirengib  steels  are 
more  susceptible  to  the  barmful  effects  of  liydrogen,  and  elaboiate  steps  lot  prebeaiing  and  post  beating 
and  a large  number  of  passes  are  iei|uited;  .iiul  M bigb  strengtb  steels  .tie  notch  sensitise  so  tliai  iiiisfiis  and 
Ollier  sources  of  noicb  effects  must  be  ci'iiiiolled 
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Nippon  Steel  has  prepared  detailed  manuals  for  the  welding  of  high  strength  steels  whieh  describe  the 
proper  selectioti  and  drying  of  weld  materials,  give  welding  procedures  and  welding  conditions  for  butt  and 
fillet  welding  and  specify  heat  input  atid  bead  length  restrictions. 

2)  Plates  for  Heavy  Section  Nuclear  Reactor  Pressure  Vessels  - In  a recent  publication  (Nippon  Steel 
Technical  Report  Overseas  No.  7,  November,  1975)  .steelmaking  procedures  to  minimi/e  impurities  and 
residual  elements  which  cause  irradiation  embrittlement  and  the  means  to  employ  hot  working  and  deflak- 
itig  heat  treatments  are  described.  The  optimum  procedures  are  claimed  to  provide  quality  assurance  and 
pressure  vessel  iittegrity,  on  the  basis  of  C'Ol),  DT,  fatigue  atid  weldability  tests.  Steels  of  this  type,  low  in 
the  amounts  of  the  harmful  elements  Cu  and  P,  are  currently  under  test  at  the  Naval  Research  l aboratory 
(Code  6.^9(1). 

A paper  on  the  improvement  of  fracture  toughness  in  reactor  pressure  vessel  steel  plates  was  scheduled 
for  presentation  at  the  Third  International  Conferettce  on  Pressure  Vessel  Technology  in  Tokyo,  18-22 
April,  1977.  The  authors,  H.  Kunitakc,  H.  Nakao,  T.  Kikutake,  A.  Saito,  T.  Isiguro  and  T.  Takeda, 
report  that  the  BOP  process  is  effective  in  minimizing  the  concentration  of  harmful  elements.  W ith  respect 
to  SA  533  B steel,  residual  sulfur  is  harmful  to  upper  shelf  Charpy-V  test  energy.  Transition  temperatures 
are  lowered  by  decreasing  carbon  levels  and  increasing  the  hardenability  with  manganese  nickel  and 
molybdetnim  additions.  A small  amount  of  chromium  lowers  transition  temperature  as  does  control  over 
aluminum  and  nitrogen  levels.  Tests  on  a cotnmercial  scale  productioti  heat  of  SA  533  B steel  with  op- 
timum composition  bear  out  the  experimental  predictiotis. 

3)  [-.nvironmental  - There  are  problems  with  stress  corrosion  cracking  of  line  pipe  steels  and  oil  drill  cas- 
ing steels  which  are  being  studied.  The  problem  is  embrittlement  or  cracking  by  H-S.  Tests  are  being  con- 
ducted in  5 percent  NaCI-water  at  temperatures  between  lO^C  and  80°C  and  with  pH  varied  by  CH.-CX)OH 
additions.  The  level  of  H.S  is  varied  by  saturating  the  solution  with  various  H.-S-N-  gas  mixtures. 

The  company  has  evidently  been  able  to  increase  greatly  the  resistance  to  H.-S  by  the  judicious  control  of 
composition  and  by  purposeful  small  additions  of  certain  elements.  These  were  discussed  but  the  writer 
promised  the  details  would  not  be  disclosed. 

In  general  the  Nagoya  Works  l aboratory  is  excellettt  and  the  work  there  is  in  keeping  with  the  high  stan- 
dards observed  previously  iti  the  Pundamental  Re.search  l aboratories  and  the  Product  Re.search  and 
nevelopment  I aboratories  of  Nippon  Steel. 


i 


f 

I 


NIPPON  STKF.l,  CORPORATION 

PROlH'CnON  RKSK ARC  H ANT)  DF.VKl.OPMFNT  I.ABORATORIFS 


riiero  arc  ihroc  ceniral  lahoraiorios  in  ihe  Nippon  Sicol  Corporation  which  report  directly  to  the  Presi- 
dent \ia  a Research  and  Development  Bureau.  These  are  the  T'lmdamental  Researcit  1 ahoratories.  Prod- 
ucts Research  and  De\elopment  laboratories  and  the  Process  Technology  Research  and  De\elopment 
1 ahoratories.  In  addition  there  are  research  laboratories  associated  with  each  of  the  ten  works  located 
throughout  .lapan  (Oita  Works,  Nagoya  Works,  Murorait  Works,  etc.).  Reported  here  is  a visit  to  the 
Products  Research  and  Development  1 ahoratories  in  Sagamihara  City,  Kanagawa  Prefecture,  near 
I'okyo. 

The  I’roducts  Research  atid  Development  I ahoratories  (PRDI  ) are  divided  into  two  departtnetus,  the 
Research  Departmci  t and  the  Weldiitg  Research  Center,  both  of  which  report  to  the  Director,  Dr.  Teruo 
Ikeno.  The  Research  Department  is  directed  by  Dr.  Shogo  kana/awa.  Tive  laboratories  are  in  this  depart- 
ment, and  there  are  two  service  groups.  These  laboratvvries  perform  research  in  the  areas  described  below  -. 

1.  I aboratory  I — Ibis  laboratory  is  the  thin  steel  atid  surface  treatment  facility.  Major  interest  is  in 
coatings  of  tin,  /inc,  chromium,  etc.  particularly  as  related  to  the  canning  industry.  Substitution  of  an  elec- 
troplated chromium  coating  as  a substitute  for  tin  is  a current  goal. 

2.  I aboratory  II  — This  group  does  application  research  on  thick  plates  and  alloy  steels.  Studies  are 
conducted  on  corrosioti  (wet  and  dry),  corrosion  fatigue,  fracture  and  weldability.  The  group  develops  new 

I alloy  steels  such  as  ferritic  stainless  steels.  .Applications  in  mind  are  plates  for  ship  hulls,  bridges  and 

, pressure  v essels  (both  convetitional  and  nuclear). 

-T  1 aboratory  III  — This  group  works  on  forming  of  welded  joints  and  rods.  I'inite  elemetit  methods 
are  coupled  with  critical  experiments. 

j 4.  1 aboratory  IV  — .Application  research  on  pipes  is  the  major  activity  of  this  group,  particularly  line 

■ pipes  for  gas  and  oil  and  the  problems  which  develop  from  low -temperature  service.  Nippoti  Steel  makes 

' some  of  the  largest  pipe  in  the  world  (48  inch)  and  the  Oita  \k  orks  produces  plate  18  feet  wide  for  forming 

and  welding  into  pipe.  Seamless  pipe  up  to  16  inches  in  diameter  is  also  produced  attd  is  intettded  for 
(X'  TCi  (Oil  Country  Tooling  Goods). 

I aboratory  \’  — This  is  an  analytical  group.  New  techttinues  are  explored  for  microchemical  analyses 
and  local  chemical  analyses,  as  of  inclusions. 

The  Welding  Research  Center,  which  is  only  a few  years  old,  is  orgatti/ed  into  four  main  research 
departments,  as  follows: 

i I.  Welding  I. aboratory  I — This  group  works  to  adapt  existing  welding  equipment  to  special  welding 

problems  w hich  emerge  w ith  new  applications. 

2.  Welding  1. aboratory  II  — This  group  works  to  develop  new  types  of  welding  equipment  and  tech- 
niques, and  also  develops  NDT  equipmetit  (\-ray  and  ultrasonic).  Areas  of  special  achievement  have  beeti 
iir  automatic  welding,  narrow-gap  electron  beam  welding  and  automatic  scannitig  NDT  (nondcstiuctive 
testing)  of  welded  joints  in  pipelines. 

.V  V\  elding  l aboratory  III  — In  this  group  the-'metallurgy  of  welding  is  studied.  Iticluded  are  studies  of 
fluxes  for  submerged  arc  vvelding  and  the  study  of  the  fundamentals  of  metal-llux  interactions. 

4.  Welding  I aboratory  IV  — This  group  works  with  subsidiary  companies  to  develop  compatible  plate- 
welding technique-welding  material  systems.  It  is  commoti  for  the  purchasers  of  steel  to  ittclude  the  j 

welding  package  in  the  deal,  and  Nippon  Steel  then  assumes  responsibility  for  the  quality  of  subsidiary  ^ 

weld  material  producers.  , 

The  Welding  Research  Center  also  runs  a Welder  Traitting  C’enter  for  cotnpatties  using  Nippon  Steel  ' 

plates  and  welding  materials.  Over  6(XX)  etigineers  have  graduated  from  the  one  to  six  month  course. 

l ollowing  the  introduction  to  the  organization  of  PRDI  , a tour  of  the  facility  was  arratiged  with  N. 

Taniguchi,  an  outstanding  Senior  Research  I'ngineer.  The  tour  revealed  some  of  the  most  advanced  equip- 
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mem  in  the  world  for  welding  methods  and  weld  testing.  It  will  suffice,  hopefully,  to  simply  indicate  the 
types  of  tests  and  equipment  which  were  observed,  as  follows: 

1.  In  the  analytical  laboratory,  a gas  chromatographic  method  for  measuring  the  hydrogen  content  in 
many  specimens  at  the  same  time  was  shown. 

2.  In  one  laboratory,  multiple  cantilever  beam  tests  for  the  hydrogen-charged  cracking  of  welds  were 
Underway-Specimens  are  cathodically  charged  before  test,  and  the  specimens  contain  a saw-cut  notch. 

3.  Both  dead  load  and  hydrostatic  weld  implant  tests  are  conducted. 

4.  Patch  tests  for  the  study  of  the  effects  of  high  residual  stresses  are  carried  out. 

5.  Lamellar  tearing  tests  and  surface  strain  tests  are  going  on. 

6.  The  Tekken  test  of  the  Japanese  Railroad  Research  Institute  to  measure  the  effects  of  preheat  and 
postheat  on  weld  cracking  is  used. 

7.  Simulations  of  the  electric  resistance  welding  of  pipes  are  done  to  study  the  mechanisms  of  ERW 
and  improve  the  toughness  of  the  joint. 

8.  Both  tensile  and  cantilever  beam  tests  of  susceptibility  to  cracking  in  hydrogen  sulfide  are  done.  The 
concentration  of  H.S  in  the  nitrogen  environment  can  be  controlled  to  10  ppm.  Cantilever  beam  tests  are 
being  phased  out  in  favor  of  the  compact  tension  fracture  mechanics  specimen. 

9.  Compact  tension  fracture  mechanics  tests  are  being  done  to  produce  data  for  the  Japan  DSRV 
(Deep  Sea  Rescue  Vehicle).  One  test  is  underway  to  see  if  there  are  differences  in  between  1 inch  and  2 
inch  sections  of  the  10  Ni-8Co  type  steels. 

10.  A very  large  test  cell  (room)  with  humidity  controlled  at  any  point  between  20  and  95  percent  and 
temperature  between  -40°C  and  + 40°C  is  used  for  testing  welding  in  various  atmospheric  conditions.  For 
example,  tropical  environments  can  be  produced. 

1 1.  Fatigue  test  equipment  includes  a 2000  ton,  6000  cpm  servo  type  Saginamya  machine  used  for  tests 
on  welded  joints. 

12.  A high-speed  impact  machine  (30  m/sec,  10  kg)  is  used  to  test  vehicle  safety  (e.g.,  the  sides  of 
automobiles). 

! 13.  A high  energy  rate  machine  is  used  to  test  effects  of  high  extrusion  rates. 

14.  Many  of  the  usual  brittle  fracture  tests  of  welds  and  fusion  lines  in  plates  are  conducted.  The 
laboratory  features  one  large  machine  which  can  apply  8000  tons  static  load  (second  largest  in  Japan)  and 
2000  ton  cyclic  load  at  20  cpm.  The  massive  tests  are  used  to  test  steels  for  giant  new  bridges  and  off-shore 
platforms,  where  heavy  sections  are  involved. 

15.  Lamellar  tearing  tests  are  conducted  on  steels  up  to  three  inches  thick.  Lamellar  tearing  is  a concern 
in  massive  welded  structures  involving  heavy  sections  and  rigid  constraints. 

16.  A great  number  of  corrosion-fatigue  tests  of  smooth  specimens  in  synthetic  seawater  are  conducted. 

1 7.  A massive  dynamic  tear  test  (courtesy  of  W .S.  Fellini  and  E.  Lange  of  NRL)  is  in  operation. 

18.  One  side,  one  pass  submerged  arc  welding  equipment  is  available.  This  is  a notable  Japanese 
development. 

19.  Narrow  gap  MIG  welding  equipment  (from  Battelle)  is  available. 

20.  Vertical  narrow  gap  MIG  welding  equipment  is  in  operation. 

21.  Simplified  electroslag  welding  involving  a fluxcoated  electrode  is  done.  The  flux  is  on  the  outside  of 
a tube,  and  the  weld  wire  is  inserted  down  the  tube.  Copper  chills  at  the  weld  sides  are  used.  Vertical  welds 
10  meters  high  have  been  made  by  this  SES  process. 

22.  A variety  of  other  welding  process  equipment  was  seen,  including  the  VASCON,  OSCON  and 
MISA  processes.  VASCON  refers  to  automatic  (e.g.,  vertical  up)  arc  welding  processes  with  voltage  and 
current  control.  OSCON  refers  to  automatic  arc  welding  processes  involving  controlled  oscillation  of  the 
welding  wire.  MISA  refers  to  submerged  arc  welding  processes  using  fine  wire.  A number  of  other  welding 
processes  are  in  use  or  under  development.  Detailed  descriptions  are  available  in  Nippon  Steel  brochures 
and  reports. 

23.  Experiments  in  weld  overlay  with  stainless  steel  are  being  conducted. 

The  Director  of  the  PRDL,  Dr.  Ikeno,  next  reviewed  some  of  the  history  of  the  organization.  About  six 
years  ago  he  visited  the  USA  to  gather  background  material  so  that  he  could  belter  decide  what  PRDL 
should  work  on.  The  most  impressive  work  in  the  USA  according  to  Ikeno  was  being  done  at  U.S.  Steel 
(M.  Lightner)  and  at  NRL  (E.  Lange). 

Upon  returning  to  Japan,  Ikeno  organized  his  laboratory  along  the  lines  of  the  (former)  U.S.  Steel 
Laboratory  at  Monroeville.  The  new  philosophy  was  that  it  is  not  enough  to  simply  produce  steel  products 
anymore.  Steel  will  be  used  in  even  more  massive  structures,  at  higher  and  lower  temperatures,  and  in  new 
and  more  corrosive  environments.  The  steel  company  should  therefore  get  involved  in  anticipating  the  re- 
quirements of  the  user,  both  present  and  future,  so  that  a satisfactory  product  will  be  available  when  necd- 
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cil.  U loi  this  Ica^on  iliai  m'  man>  linctM-  tiuiliiic'.  hiui-  been  assomblctl  ai  1*R1)1  . AiumIkt  loaiuro  is 
ihai  all  tvpi’s  ol  ii'aicriaK  people  are  bioughi  loireiher  in  one  laboraioty,  prosiiiini:  Ihe  nuiliiJiseiplinars 
apprsnieh  to  eriiieal  piobleins. 

I xamples  of  the  iHoblenis  the  laborann  v iteis  invoKeil  in  are  the  Alaska  pipeline,  the  North  Sea  ollshore 
St  met  tires,  ami  the  eonstt  uetion  I'l  tanker  ships  tip  tvs  one  million  tons.  I'he  rei)uirernents  ot  this  sets  iee  are 
I'etl  baek  to  the  laboratory  nhieh  then  strives  Itn  stihitions.  I'he  Alaska  pipeline  dit'lieiiliies,  for  evantple, 
eonkl  be  attributed  ttv  the  use  of  untrained  welders  (due  in  part  to  union  pressures).  The  problems  were 
solved  bv  developiiii’  an  automat ie  j’lrth  welding  system  and  automatie  inspeetion-reeording  dev  iees. 

[ I he  girth  wekling  |vroeeilures  have  been  I'llered  to  the  Canadian  Cias  I ine  Studv  1 iniiied,  presumablv  as 

i an  mdueeinent  to  use  Nippon  material.  Nippon  Steel  lias  apparentiv  developed  some  M S resistant  steels 

t whieh  would  be  a further  attraetion.  There  was  no  diseiission  of  the  features  of  these  ITS  resistant  steels. 

Dr.  Ikeno  stressed  that  cooperative,  world-wide  research  vwvukl  be  vveleome,  and  that  Nippon  Steel  j 

Company  would  exchange  information  freely  in  such  efforts.  Me  would  appreciate  being  contacted  by  anv  j 

interested  organi/aiions  or  indiv  idiials,  ' ' 

Trom  discussion  of  specific  research  activ  ities,  several  areas  of  interest  emerged,  as  follows:  i 

1.  1 amellar  tearing  — this  process,  referred  to  previously,  is  of  concern  in  heavy  section  welded  com  I 

ponents  and  structures.  Investigations,  principally  by  Dr.  S.  Kana/avva,  have  been  eondueted  on  an  assess-  | 

tnent  of  lamellar  tearing  susceptibility  of  steel  plate  (IIW  Doc.  l\-840-7.f)  and  on  lamellar  tear  resisting 
steels  and  how  to  use  them  (MW  Doc  1\  87.1-74).  .As  might  be  expected,  lamellar  tearing  mav  be  reiluceil  by 
improved  desulfuri/ation  and  rareearth  metal  additions. 

2.  Studies  of  fracture  initiation  in  normali/ed  and  cold-worked  mill  steels  and  the  related  effects  of 
grain  si/e  on  this  process.  This  work  is  due  to  M.  Ogasavvare,  M.  lino  and  M.  Mimura  (1  rails  .IIS  //  No.  I 
l‘7"'0.  .MS  /-’  No.  4 ivf'l  JIS  IJ  No.  1,  l‘)"'2).  Transition  temperatures  were  lowered  with  cold  work  and 
decreasing  grain  si/e. 

.V  S.  kana/avva  reviewed  the  use  of  vanadium  to  improve  properties,  particulailv  weldability,  of  high 
strength  steel  at  the  Vanitee  Meeting  of  l')7(i. 

4.  The  development  of  new  steels  for  high  heat  input  welding  was  described  also  by  S.  kana/avva  (MW 
i I\-952-76).  Wekling  fusion  /one  toughness  is  imprvvved  by  fine  tin  particles. 

' 5.  S.  kana/avva  and  others  have  w ritten  on  problems  of  stress-relief  cracking  in  high  strength  steel  and 

, stainless  steel.  Cracking  is  located  at  the  prior  austenitic  grain  boundaries.  Tffecis  of  alloying  elements  are 

. given  (see  Trans  JWS  V'ol.  7 No.  1 l‘)76). 

( 6.  Several  PRDT  investigators,  S.  kana/avva  again  principal  author,  described  at  tlu  2nd  International 

Conference  on  Materials  in  Boston,  August,  1*^76.  the  fracture  safe  design  of  welded  steel  structures  based 
on  large  scale  tests. 

Reports  by  S.  kado  and  others,  appearing  in  .Inly,  l‘)75  (MW  Doc.  \M1-‘'71,  772,  77.1-7.S)  describe 
improvements  in  the  fatigue  strength  of  welds  through  TlCi  dressing  and  by  additional  weld  runs  with 
coated  electrodes.  The  dressing  appears  to  improve  weld-toe  configurations. 

8.  N.  Taniguchi  and  others  presented  patters  on  “Dynamic  Transition  Behavior  of  Structural  Steels" 
and  “Modified  Three  Poitit  Bend  Test  for  Determining  Brittle  Traettire  f’roperties”  at  the  March  |v)''7  In- 
ternational Conference  on  T'racture  Mechanics  and  Technology  iti  Mong  kong.  T he  feasibility  of  using  a 
sharp  machined  slot  in  the  DT  test  instead  of  the  Ti-electron  beam  crack  starter  is  argued  for  steels  up  to 
strength  level  HT9(). 

9.  S.  kana/avva  and  N.  Taniguchi  submitted  a paper  on  “L- fleets  of  Crack  l ip  Damage  on  kg^.,  with 
4.140  Steel"  to  the  .Ird  ICT  in  Munich.  The  conclusion  is  that  fatigue  precraek  loading  levels  can  have  a 
significant  impact  on  the  values  of  ki,,^.,^.  w hieh  are  siibsetiuemly  determined. 

In  general,  the  I’RDl  appears  to  be  a well  equipped  and  well  staffed  laboratory.  The  work  going  v'li  is 
very  impressive  and  could  be  a model  for  other  steel  companies  in  the  world  w hich  may  wonder  at  the  suc- 
cess of  Nippvvn  ^vteel. 


10M0K(;iiMI  IRON  WORKS.  1 1 1). 


Or.  Hiroshi  Nakayama,  Plum  Manager,  was  iiiy  hosi  for  a \isii  to  Tomoegiimi  Iron  Works.  Boih  the 
Oyania  plant  in  loehigi-ken,  about  50  km  from  Tokyo,  and  tl\e  \kelding  I aboratory  in  Tokyo  were 
visited. 

The  eotnpany  was  founded  in  1917  as  a fabrication  shop  and  has  grown  sitice  to  serve  primarily  the 
building  industry,  in  both  design  and  fabrication.  The  company  is  famed  for  its  ••Diamond  Truss"  con- 
cept. a method  for  constructing  curved,  wide-span  surfaces  with  trusses  arranged  in  diamond  forms.  In  ad- 
dition to  the  two  main  lines,  steel  towers  and  Diamond  Truss  structures,  the  eotnpany  builds  bridges, 
prefabricated  houses  and  schools  and  all  manner  of  steel  frame  structures.  The  architectural  section  of  the 
company  is  integrated  with  the  planning,  design  and  field  construction  activities,  which  is  claimed  to  be 
unic|ue  in  .lapan. 

With  the  extensive  involvement  of  the  company  in  fabrication  it  is  natural  that  welding  would  be  impor- 
tant. In  this  respect,  the  company  appears  to  be  almost  exclusively  employing  variations  of  the  C'O,.  arc 
welding  process  which  the  company  and  Nak  .yama  in  particular  have  developed.  There  are  both 
automatic  and  semi-automatic  processes  for  both  in-plant  and  on-site  operations.  Some  of  these  processes 
for  narrow -gap  welds  are  as  follow  s; 

1.  NOW-T  — This  is  a semi-automatic  process  for  tnaking  vert' -al  T weld  joints.  It  involves  CD- 
welding  with  the  lower  part  of  the  joint  contained  by  a copper  chill  and  with  coated  rod  laid  in  the  square 
butt  groove. 

2.  NOW-H  — Similar  to  NOW-  T but  the  weld  is  hori/ontal  T and  the  chill  is  I shaped  to  cvuttain  the 
weld  metal.  This  is  intended  for  on-site  welding. 

3.  NOW-F-'  — This  is  a flat  semi-automatic  shop  welding  CO.,  arc  weld  process.  The  weld  is  flat  hori/on- 
tal w ith  a granular  lltix  backing. 

4.  NOW-B  — This  is  a flat  automatic  shop  hori/ontal  welding  CO.,  arc  weld  process.  .A  small  strip  is 
welded  first  to  the  back  side  to  contain  the  filler  metal.  Welding  is  performed  in  one-pass,  one  layer  in  a 
square  butt  groove. 

5.  NO\N  -HB  — This  is  an  automatic  on-site  hori/ontal  process  with  a small  strip  welded  to  the  reverse 
side  to  contain  weld  metal. 

6.  NOW-  TB  — A semi-automatic  process  for  1 joints,  similar  to  the  NOW-T  process  except  that  a steel 
backing  strip  i*'  used. 

7.  NOW  -V  — 1 his  is  a vertical  narrow  gap  CO.,  arc  weld  prvvcess  involving  arc  weaving  and  copper  chills 
which  move  with  the  weld.  CO.  gas  enters  through  an  opening  in  the  chill. 

8.  NOV\  -VB  — This  is  a vertical  T welding  process  similar  to  the  NOW' — \'  process  but  with  the  chills 
located  appropriately  for  a T-joint. 

These  brief  descriptions  are  recognized  to  beg  better  illustration  and  further  clarification  and  for  this 
purpose  the  papers  which  Nakayama  and  his  colleagues  have  produced  are  perhaps  the  best  source.  Some 
of  the  more  important  of  these  are  listed  as  follows; 

1.  H.  Nakayama  et  al.,  ••Use  of  Narrow-CTap  One-Side  -Vre  Welding  I’rocess  (NOW  Process)  to  Steel 
Structures  of  Building"  MW  Doc.  .\ll-B-87-7l 

2.  H.  Nakayama  et  al.,  "A  Study  of  Narrow-Gap  Otte-Side  Arc  Welding  Process  for  Hori/ontal  Posi- 
tion Welding,"  IIW  Doc.  .MI-B- 105-72 

3.  H.  Nakayama  et  al.,  ••Development  and  Application  of  Narrow-Gap  One-Side  Arc  W elditvg  Pnveess 
(NOW-Process)  to  Steel  Structures  of  Building,"  IIW  Doc.  \ll-B-160-74 

4.  H.  Nakayama  et  al.,  ••.A  Study  of  Narrow-Gap  One-Side  Arc  W elding  Process  of  T-Joints  (NOW  -T 
Process)  in  Steel  Building,"  IIW  Doc.  .\ll-B-l33-73 

5.  ••Development  and  Application  of  Narrow-CTap  Arc  Welding  Process  in  Japan,"  IIW  Doc. 
.\ll-B-584-74 
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(v  M.  Nak.iyama  cl  al..  “Applicaiioit  of  NaTu>w  tiap  Auioniaiic  CO,-  Arc  \\  ca\mi;  U'cMing  I’loccsc  lo 
Hca\\  Siccl  Smiciuics.”  IIW  Hoc.  \II-H  ISS-75 

7.  II.  Nakayania  cl  al.,  '‘Applicaiiirn  of  Narrow  Clap  .Auioniaiic  C'O  Aic  Weaving  I’loccwcs  lo  Heavy 
Sled  Sirncinrev  of  HniUling,"  2iul  Iniernaiional  Syinposiinn  ol  ilie  .lapan  Weliling  Socieiv,  Augiisl  1975. 

No.  : AKoIIW  Doc,  MIH  19.1-76 

Nalvayania’v  gioui'  liav  also  heen  involved  in  simlies  of  deforniaiion  anil  siress  due  lo  welding  in  sieel 
buildings  (IIW  Doc.  \\''292-7())  and  in  siudies  lo  preveni  weld  cracking  in  high  sirengili  sieel  welds  of 
building  siruciures  (HW  Doc.  l\-787-72).  In  llie  laiier  siudy  a new  nielhod  lo  (neveni  weld  cracking  was 
pioposed  involving  succeeding  passes  vviiliin  llie  inciibaiion  lime  for  crack  iniliaiion  wiilioni  employing 
prelieaiing. 

•Al  ibe  Welding  I aboraiory,  a receni  achievemeni  is  a laiidem  sensor  for  llie  ulirasonic  deieciion  of 
defecis  ill  welds.  I bis  is  claimed  lo  be  pariicularly  effeclive  in  ilie  ND  I'  of  narrow  -gap  w elds,  l lie  company 
plans  lo  develop  ilie  insirumeni  for  sale  in  ilie  near  fuiure.  Work  is  also  under  way  on  llie  developnieni  of  a 
circular  auioniaiic  CO,,  on-siie  welder.  I'lie  goal  is  lo  provide  auioniaiic  circular  welding  capabilily  (girlli 

welding)  for  underground  columns  of  an  eleelric  power  siaiioii.  ■( 

■Al  llie  lime  of  llie  visii,  Nakayama  was  engaged  in  wriiing  a book  on  CO.-  welding  and  also  preparing  a 
Welding  l erminology  Diclionary.  He  was  doing  ibis  in  llie  evenings.  I’erliaps  il  is  ibis  kind  of  dedicaiion 
dial  produces  so  many  e\celleiil  indusirial  organi/aiions  in  .lapan.  Tomoegumi  Iron  W'orks  is  one  of  ihese. 
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Hiiiiclii  Mcials  I iJ  sc|\naicil  iVom  llio  largo  lliiaclii  1 iil  soiiio  luoiiiy  yoarsagrv  I htoiigh  iho  kiiKlnoss 
of  I’rolossor  1 . Owailaiio  of  Kyushu  lusiiuilo  of  loolinology  (KID  a \isii  was  arraiigoil  to  both  the  I'obata 
ami  Iho  Kamla  \korks.  Dr.  Kyoji  ['akahashi,  .Assistant  Maiiagor  of  iho  t'asiiiigs  K ami  DC'oiilor  in  lobaia 
was  priiioipal  host. 

Hiiaohi  Moials  1 id  is  produoiiig  inalloablo  iron,  duoiilo  iron  ami  stool  oasiings.  I ho  oapaoiiy  is  7S(K) 
tons  month  of  inalloablo  and  duoiilo  iron  (4(HX)  at  I'obata  and  . I .S(X)  at  Kandaland  l6(X)ions  monihofoasi 
stool  (UXXI  at  I obata  and  WXI  at  Kandal.  I horo  aro  .MXX)  tons  month  of  forriiio  inalloablo  cast  iron.  2lXX) 
1 tons  month  of  poarliiio  inalloablo  oast  iron  and  Z.'^IX)  tons  month  of  duoiilo  iron.  Sovoniy  poroont  of  iho 

! oast  stool  is  for  iho  Dnitod  Siaios  markoi,  and  in  faoi  iho  Kamla  plant  was  built  primarily  for  this  markoi. 

■ .About  fifty  poroont  of  iho  oast  iron  produois  go  to  iho  Dnitod  Siatos.  Ihoro  aro  about  IWX)  omployoos  and. 

as  was  said,  14(X)  aro  ‘‘working"  mon  and  iho  oihors  aro  in  iho  offioo. 

Dr.  lakahashi  was  a siudoni  at  Kl  I'  and  obtainod  his  dooiorato  umior  Dwaslano.  I'arlior  ho  obiainod  his 
11. S.  at  1 okyo  Duisorsiiy.  Mo  appoars  to  bo  ono  ol  Iho  most  onorgoiio  and  piiHiuoiivo  mon.  l or  oxampio,  I:o 
has  publishod  o\or  .^0  papors,  ol  whioh  at  loasi  four  aro  in  inlornaiional  journals.  In  addition  ho  h;is  pro- 
diiood  somo  54  Miiaohi  iniornal  publioaiions.  I'ho  total  numbor  of  lliiaohi  rosoaroh  roporis  sinoo  World 
\kar  II  is  noarly  .f(X).  I hoy  oovor  all  aspoois  of  inalloablo  and  duotilo  iron  and  oast  stool  produolion  from 
sand  troaimoni  to  shrinkago  probloms  to  high  lompoiiiiuro  rosisiant  oast  irons  to  improvod  gating  and  i isor- 
ing sohomos  to  maohining  and  grinding  to  hardoning.  Roprosoniaiivo  roports  of  Takahashi  aro  "Improving 
Iho  Moiling  of  Whiio  Cast  Iron  for  Malloabili/ing"  (HI-SOI),  “ I'ho  Infhionoo  of  Niirogon  and  Oxygon  on 
■ Iho  Annoaling  Proporiios  of  Whiio  C'asi  Iron"  (III  802)  and  "Hot  l oaring  of  Whito  Cast  Iron"  (HI-S(D). 

Curroni  projoois  of  lakashi  invoKo  duoiilo  iron,  organio  bindors,  roolamaiion  of  foundry  sand  and 
gating  and  oasiing  dosign.  l or  oxampio,  ho  is  trying  to  doxolop  an  organio  bindor  whioh  will  bohaxo  similar 
, to  thoC’O;  bindor;  that  is,  ooniraol  raihor  than  oxpand  afior  iho  moial  is  poiirod. 

I Iho  loundrios  ol  lliiaohi  Moials  I id  aro  among  iho  most  modorn  in  iho  world.  This  is  a romarkablo 

aohiovomoni  in  viow  of  tho  faniasiio  diffiouliios  onoouniorod  immodiaioly  following  World  War  II,  whon 
' matorials,  luols,  sands,  torroalloys,  oio.  woro  diltioult  to  obtain,  unoonain  in  quality  and  oharaoiori/od  by 

immon.so  lol-io-loi  variations.  Doiorminod  and  oxhausiing  work  by  mon  suoh  as  lakashi  gradually  pro 
duood  a bootstrap  olovaiion  ii>  tho  modorn  faoiliiy  of  iinlay. 
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I'litukawa  Mimilnuin  I iil.,  is  oin.'  I'l  iIk-  Iciulint:  aluiiiimini  fahtiiainis  in  .lapan.  1’nului.is  aic 
shcei,  siraiulcil  sicol  >.-ou-  wire,  Lasimgs,  loisiiiijis  aiut  cMiusions.  1 he  Nikkn  WDiks  piiHluees  sheets  atiil 
furjiinits  at  the  rale  nl  WHK)  irrii  inoiiih  ;mi.)  50  ton  iiu)nih  respeelisely.  I’tiHiiieis  are  h>ils,  ean  sheet. 
painteO  sheets,  eireles,  Oie  rorpiitps  ami  tree  rorgiitjrs.  I he  eompany  rtiitks  ihinl  in  lapan  in  the  Juniesiie 
market  lor  sheets  ami  e\iriisions, 

I iirnkawa  AInmimiin  ('ompany  ileri\es  Iroiii  the  I iiriikawa  Meet  tie  Company,  1 til.,  ;iml  procineiion 
began  in  l‘)20.  In  1050  a eooperaii\e  ;igreemeni  was  maile  with  Aleoti  Alnminiim  C i'inpany,  ILS.A. 
reehnieal  exchanges  are  a pan  of  this  agieemeni.  At  preseiu  l uriikawa  AInminnm  C ompany  imports 
aluminnm  pig  t'rom  Alcoa  of  Australia, 

Developmental  research  activities  at  Nikko  are  comlncietl  by  7 melallurgisis,  p chemical  engineers  ami  2 
mechanical  engineers.  Close  coopertilion  with  .Alcoa  iieiittiis  tite  stal  l'  to  focus  ott  research  which  ts  impor- 
tant, complenteitls  ,\lco;i  resettreh,  ami  is  in  keeping  with  l■urukawa's  capabilities,  l ire  niair'i  aciixiies  are 
involved,  as  follows: 

1.  Packagiitgand  forming  materials— cans,  kitchen  utensils,  fins  (for  Iteai  cxchangeis)  and  foils. 

2.  .Automotive  products — body  paitels  lor  ttuiotttobiles,  auioittobile  w heels,  [vlaied  alutttinuni  bumpers. 

Heal  exchanger  products— vacuum  br;i/ing  technology  and  ultrasonic  soklering  technology. 

4.  Design  and  manufacturing  of  structural  products- upgrading  of  high  sireitgih  forgings,  welding 
practice  aitd  ittaierials,  highway  fencing  ittaierials  toughness. 

5.  Others— electrolytic  coloring  of  Al-Mg-Si  alloys,  chemical  coitversioii  crtttiings,  coki  working  of  Al 
Mg-.Si  alloys,  screw  machine  slock  alloys. 

Dr,  r.  lanaka.  Manager  of  the  reehnieal  Research  Section,  provided  a review  of  the  above  activities 
with  some  special  insight  as  to  current  emphasis.  I'or  example  vacuum  br;i/ing  is  being  devekt|>ed  to  ovei- 
come  certain  hazards  ittvolved  in  flux  bra/iitg.  .)ap;m  was  the  first  to  develop  vacuum  bra/ing  on  ;i  com 
mereial  basis.  Optimi/aiion  of  bra/ing  alloy  compositions  for  vacuum  bra/ing  is  a current  effort . I’uting 
corrosion  and  the  means  to  protect  from  this  by  cathodic  pipieciion  are  also  being  studied.  Surface  finishes 
and  the  weld  areas  are  of  special  itttcrest . 

Along  with  other  aluminum  fabricators  in  .lapan,  l urukavvti  .Aluminum  is  tiying  to  develop  the  Al Vn 
Mg  alloy  7(XD  for  siruciural  purpo.ses  at  the  sireiigih  level  40  kg  min'.  This  alloy,  which  conitiins  no  cop 
per,  is  also  attractive  for  its  good  exirndability.  .Applications  for  rail  coach  roliiitg  sitvek  lot  Shmk.inseit 
bullet  trains  (220-260  km  hour)  are  seen. 

The  alloy  100}  is,  however,  subject  to  stress  corrosion  cracking,  and  r;til  applications  ileinami  .i  life  of  .10 
years,  l urukawa  research  activities  are  examitting  every  way  to  ini|vrove  SC'f  resistance— imtdificaiiivn  of 
composition,  heat  ireaimem  ami  design  factors  to  o|iiimi/e  the  application  of  structural  loads.  C'amilevei 
ASl'M  test  melltods  are  employed,  and  consideration  is  given  to  direetionaliiy, 

l•'llrukavva  Aluminum  produces  7075  r-7.5  alloys  forgings  for  the  1-86  and  I’haniom  lot  the  .lap.mese 
Defense  l oree.  Clreater  strength  and  loughness  are  a goal  of  current  resetirch.  I lte  conipanv  ;ilso  is  nt 
volved  with  forgings  for  the  marine  and  ship  building  industry.  I'xaniples  are  pisiims,  imivellois  ami  supei 
chargers.  I'urukawa  can  hand-forge  to  a diameter  of  I' : meters.  I'laitges  of  this  diametei  wete  ntadc  lot 
the  pipes  for  I NO  taitks.  Ihsions  can  be  forged  which  tire  52  inches  in  diameter  ami  .^6  inches  high.  I hesc 
arc  for  installation  in  300,0(X)  ton  class  tankers. 

With  respect  to  welding  there  is  need  to  weld  (tltiie  70-80  mm  thick.  Rolling  stock  weldments  lot  ti.nns 
are  also  a'concertt,  I’roblems  of  special  interest  are  eracking  ami  pon'sity.  I he  tuklition  I'f  /i  to  welding 
electrodes  has  been  found  effective  in  reihicmg  weld  eracking,  and  the  addition  of  U also  refines  the  stiuc 
ture.  /ireonium  is  also  believed  to  remove  hyilrogen.  Welding  rod  eontaining  both  /r  and  H.  developed  at 
riirukawa  Aluminum,  is  now  commercially  available. 

Other  eurrent  problems  are  the  corrosion  of  aluminum  alloy  guard  rail  along  ci'tisttil  areas  tind  the  pio 
diietioii  of  AI-Mg-.Si  alkiys  for  use  in  btiseball  bats  and  in  ski  equipments,  I'urtikawa  hopes  to  eliminate  the 
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annealing  operation  eiirrenily  practiced  in  the  U.S.A.  In  summary,  the  laboratories  at  l urukawa 
Alumittutn  are  trying  to  widen  the  applications  of  aluminum  alloys  by  the  general  public  as  well  as  by 
defense  and  governmental  agencies. 

With  respect  to  specific  research  activity,  research  on  Al-Zn-Mg  alloys  commenced  in  1960.  Production 
of  K-7()  (AI-4.5  Zn-l.5Mg)  for  welded  structures  started  in  1961.  Studies  of  Al-Zn-Mg  alloys  for  welding 
stock  began  in  1962,  with  studies  on  welding  practice  and  stress  corrosion  cracking.  In  1972  production  of 
the  alloy  K (AI-5.8  Z.n-l.2Mg)  for  rolling  stock,  skis  and  motorcycle  frames  began.  In  1974  the  K74 
alloy  ( AI-4..S  Z.n-2.0Mg)  was  developed  as  a high-strength  Al-Z.n-Mg  alloy. 

•Amotig  the  researchers,  T.  Tanaka  and  F.  Saito  have  been  by  far  the  most  prolific.  A series  of  articles 
describe  the  stress  corrosion  cracking  problems  of  Al-Z.n-Mg  alloys  (see  Proc.  .lapan  1 ight  Metals  In- 
stitute: /9No.  2,  p.  55,  1969;  /9No.  8,  327,  1969;  /9No.  8,  336,  1969;  2«No.  7,  327,  1970;  22  No.  6,  403, 
1972;  25  No.  6,  214,  1975).  The  main  conclusions  of  these  invest igatiotts  are  as  follows: 

1 . Stress  corrosion  cracking  (SCO  is  worse  with  a narrow  precipitate  free  zone  and  finer  precipitates. 

2.  Sensitivity  to  SCC  increases  with  low-tetnperature  aging  and  prestraining. 

3.  SCC  of  sheared  edges  of  welds  corresponds  to  SCC  data  oti  plates  subjected  to  external,  not  residual 
stresses.  Residual  stress  cracks  do  not  appear  at  the  heat  affected  zone. 

4.  Step  aging  increases  resistance  to  SCC  at  a given  strength  level  in  Al-Mg-Z.n  alloys. 

5.  Rolling  reduction  increases  the  SCC  resistance  of  7075-76  alloy  plates.  Orientation  is  highly  sigtiifi- 
cant.  Grain  boundaries,  especially  those  lying  perpendicular  to  the  direction  of  stress,  play  an  important 
roll  in  SCC  of  7075  alloy. 

6.  Additions  of  0.1  a/o  of  Cu,  Cr,  Ti  or  Zn  had  little  effect  oti  the  SCC  resistance  of  AI-4.5  w o Zn,  2.9 
w/o  Mg  alloy. 

The  overall  impression  of  the  Furukawa  Aluminum  Company  at  Nikko  is  that  a great  deal  of  important 
and  practical  development  is  being  accomplished  by  an  excellent  but  relatively  stnall  staff.  Fhe  reason  for 
this  productivity  is  twofold: 

1 . There  is  profitable  interactictn  with  Alcoa  research. 

2.  Fhere  is  continuous  interaction  with  production  people  in  the  plant. 


SliMITOMO  l.KJHT  MKIAI.  INDIISTRIKS,  1 1 1). 
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Suiniiomo  Metal  Industries  dates  hack  3(K)  years  to  when  copper  mining  began  in  Japan.  C opper  rolling 
began  in  1S^J7,  aluminuni  rolling  in  189S  (the  I'irst  in  Japan).  Sumitomo  1 ight  Metal  Industries  was 
established  in  l^.S^J.  when  pre\ious  ties  with  steel  eompatties  were  severed.  In  addition  to  copper  and 
aluminum  alloys,  the  company  now  produces  titanium  alloys  in  the  lorm  of  tubes  and  plates  for  con- 
densers and  heat  exchangers. 

The  rechnical  Research  1 aboratories  of  the  company  in  Nagoya  support  the  technical  activities  in  the 
three  light-metal  alloy  systems.  Dr.  Shino  Sato,  .Assistant  Cieneral  Manager,  and  Sugiyama,  Senior 
Research  l-ngineer,  of  the  lechnical  Research  1. aboratories  were  hosts  on  this  visit.  As  is  customary  in 
Japan,  they  began  with  a detailed  account  of  the  organi/ation  of  the  laboratories.  I here  are  12  sections  do- 
ing research  tut;  I)  copper  alloys,  2)  aluminum  alloys,  })  welding  4)  corrosion,  .^)  surface  treatment,  6) 
aluminum  refining,  7)  chemical  analysis,  8)  mechanical  structural  analysis,  4)  process  engineering,  10) 
physical  metallurgy,  1 1)  metal  working,  and  12)  heat  exchangers.  There  was  not  time  to  discuss  in  detail  the 
activities  of  each  group.  Those  w hich  were  discussed  are  described  brielly  as  follow  s: 

1)  Analysis  - Studies  on  auto-instrumentation  and  systems  research.  Development  of  new  analytical  pro- 
cedures. Materials  investigated  are  light  metal  alloys,  organic  compounds,  lubricants.  Tatviromnental  and 
pollution  control  requirements  are  of  recent  interest  and  concern. 

2)  Physical  Metallurgy  - Determination  of  the  properties  of  aluminum,  copper  and  titanium  alloys, 
mechanisms  of  age  hardening,  fracture  toughness,  stress  corrosion  cracking.  .Alloy  texture  development 
and  effects,  alloy  development  and  manufacturing  technology. 

.J)  Corrosion  - T'lectroclieniical  cil'ccis  on  alloys,  o.vpeckilly  alumitiiim  alloys.  Jlydrirgen  absorption  in 
titanium  corrosion  environments,  container  corrosion  and  spoilage. 

4)  .Aluminum  alloys  - The  company  (Dr.  Igarashi)  developed  the  alloy  lixtra  Super  Duralumin  ( A.A  707.S) 
before  the  war,  which  was  one  of  the  strongest  alloys  in  the  world  and  which  proved  extremely  useful  in 
Zero  fighter  planes.  This  Al-Zn-Mg-Cu  alloy  has  now  been  modified  to  improve  strength  and  resistance  to 
fatigue  crack  grow  th  (reduced  growth  rate)  at  low  temperatures  (-UKCC)-  Other  alloys  dev  eloped  are  ZKbO 
and  ZK61  which  feature  less  magnesium  and  an  addition  of  /irconium.  These  alloys  display  exceptional  ex- 
trudability.  Another  alloy,  CiT()4,  is  free  machining  and  corrosion  resistant  and  is  therefore  useful  in  preci- 
sion manufacturing  such  as  for  cameras.  Research  in  auto  body  sheet  metal  is  being  conducted. 

5)  Copper  alloys  - copper  and  copper  alloy  tubing  for  condensers  and  heat  exchangers.  Both  fundamen- 
tal and  applied  research  are  conducted  on  corrosion  resistance  and  the  design  and  maintenance  of  heat  ex- 
changers. .An  interesting  development  is  the  Al’  Bron/e  condenser  tube  which  is  corrosion  resistant  iu 
polluted  sea  water. 

6)  Surface  treatments  - Sumitomo  is  heavily  inv  olved  in  this  area  because  of  the  improved  marketability 
of  aluminum  which  is  colored  and  weatherproof.  They  have  developed  the  Sumitone  process  which  in- 
volves anodi/ation  iti  a sulfonic  acid  bath  and  produce,'}  a bron/e-  black  color  with  improved  weathering 
qualities.  Color  is  also  developed  in  the  I'DT.CA  process  which  features  the  application  of  color  in  a solu- 
ble resin  by  means  of  an  elecirodeposition  method. 

7)  W elding  - weldability  studies  of  structural  aluminum  alloys,  improvement  of  filler  metals,  inert  gas 
arc  welding,  resistance  and  friction  welding,  adhesive  bonding,  bra/ing  and  soldering.  Direeted  research  on 
(Juxless  vacuum  and  inert  gas  bra/ing  and  ultrasonic  soldering  proces.ses  for  aluminum  heal  exchangers. 

Recent  research  has  been  directed  al  problems  will)  condenser  tubing  in  cooperation  with  some  utilities 
in  Japan.  .A  substantial  effort  has  also  been  made  in  the  development  of  materials  for  desalini/alion  plants. 
In  the  latter  area,  support  has  been  received  from  the  Ministry  of  Trade  and  Industry  and  the  Ministry  of 
Industry  and  Commerce,  The  Office  of  Scienee  and  Technology  also  sponsors  work  al  the  company. 

Recent  research  reports  (Sumitomo  l ight  Metal  Technical  Reports,  /7,  No.  .7,  No.  4,  July,  1476) 
describe  corrosion  work  on  "Cathodic  Protection  and  Blackening  of  .Almninutn"  and  strengthening 
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me(hotls  in  “Therniomechanical  Treainicnls  of  Al-Zn-Mg-Cu  Base  Alloys.”  An  age-hartlenable 
aluminum  alloy  whis'h  can  be  deep  drawn  (for  cans,  car  bodies,  eic.)  is  described  as  U.S.  Patent  3,935,007. 

Clipper  alloys  are  considered  in  an  article  on  “Polarization  Characteristics  of  Condenser  Tubes  by  Im- 
pressed Cathodic  Current.”  In  another  publication  (Boshoku  Ciijutsu,  23,  125-133  (1974))  Sato  and 
Nagota  wrote  on  “Stress  Corrosion  Cracking  of  Copper  Alloys  in  Pure  Steam  and  Water  at  High 
Temperatures.”  Alloys  of  Cu-Zn-Al  were  found  to  be  susceptible  to  intergranular  corrosion  (in  degassed 
steam  at  150°C-3tX)°C)  with  low  Zn  content  and  to  exhibit  poor  stress-rupture  strength  with  high  Zn  Con- 
tent. Cupronickel  alloys  90/10  and  70/30  corroded  intergranularly  in  steam  and  water  at  300  to  350°C,  and 
stress-corrosion  cracking  was  produced  in  autoclaves  with  applied  tensile  stresses  of  10  to  20  kg/ mm’. 
Monel  metal  was  immune.  The  writers  concluded  that  the  stress  corrosion  cracking  of  copper  alloys  in  high 
temperature  water  and  steam  is  associated  with  the  equilibrium  grain  boundary  segregation  of  active 
metals. 

No  specific  research  on  titanium  alloys  was  discussed,  btit  some  interesting  related  service  experiences 
were  described.  Titanium  alloys  are  quite  immune  to  corrosion  in  seawater  over  a range  of  temperature  and 
in  more  concentrated  brines  at  temperatures  below  80°C.  If  the  brine  concentration  and  temperature  are 
both  high,  there  may  be  problems  with  pitting  and  crevice  corrosion,  particularly  if  the  solution  pH  is  low . 
This  can  be  a problem  with  titanium  condensers.  On  the  steam  side  at  the  air  removal  section  the  non-  con- 
densable gases  NHi,  0.  and  CO-  are  concentrated;  this  is  highly  corrosive  to  copper  alloy  tubes,  but  the 
titanium  lubes  are  free  of  corrosion.  In  tests  in  power  plant  condensers  over  the  past  decade,  thin  wall 
welded  titanium  tubes  have  performed  extremely  well  with  neither  corrosion  nor  deterioration  of 
mechanical  properties.  In  the  air  removal  sections  of  power  plant  condensers  some  problems  were  ex- 
perienced w ith  galvanic  corrosion  of  the  brass  lube  plates  and  hydrogen  absorption  of  the  titanium  tubes, 
it  is  claimed  that  these  troubles  can  be  avoided  by  application  of  the  proper  cathodic  potential  (-0.45  v - 
0.7v  E).  Since  1972  some  85000  welded  titanium  lubes  have  been  operating  in  blast  furnace  heal  ex- 

changers with  no  trouble  reported. 

In  condensers  with  titanium  tubes  attached  to  brass  plates  an  increase  in  the  velocity  of  the  seawater 
coolant  increases  the  rale  of  galvanic  corrosion. 

Some  titanium  lubes  have  absorbed  hydrogen  while  in  service.  This  is  related  to  the  cathodic  potential. 
The  hydriding  occurs  at  potentials  less  than  0.7  (vs  SCE)  and  hydrogen  content  increases  with  cathodic 
potential,  as  well  as  with  lime.  There  is  apparently  no  problem  if  (he  potential  of  the  titanium  tube  is  kept 
more  noble  than  -0.7V. 

The  fouling  of  titanium  tubes  by  marine  life  is  more  severe  than  with  copper  alloy  lube;  howeier 
deposits  are  apparently  easily  removed. 

In  general  the  research  work  at  Sumitomo  Eight  Metal  Industries  is  viewed  as  intensely  product  oriented 
but  of  high  quality  and  of  significance  both  to  the  scientific  and  the  energy-oriented  communities. 
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I he  research  and  development  aeliviiy  of  Ma/da  Toyo  Kogyo  serves  the  leehnical  needs  of  this  large 
aiiiomoiise  firm  whieh  is  loeaied  entirely  in  Hiroshima.  Aeeording  to  host  K.  Matsui,  Head  of  the  Metal 
I Researeh  l aboratory,  the  high  level  management  of  the  eompany  is  not  interested  in  ‘‘basie"  research,  but 

perceives  the  need  to  apply  technology  to  remain  competitive  through  cost  reduction  and 
product  innovation.  Thus  the  five  “research”  laboratories  within  the  Materials  Research  Division  scrse 
production  activities:  manufacturing,  design  of  cars,  process  engineering,  quality  control  and  analytical 
services.  In  addition  to  the  Metals  Research  l aboratory,  there  are  laboratories  related  to  Chemical 
Research  (organic  and  inorganic  materials).  Rotary  Engines  (mostly  materials  research  for  these  engines). 
Analysis  and  Administration.  Approximately  2(K)  people  are  employed  by  the  Materials  Research  Division. 
Activity  is  divided  50-50  between  service  and  researeh. 

The  Metals  Research  l.aboratory  has  groups  working  in  metal  forming,  casting,  heat  treatment,  surface 
treatment,  mechanical  properties  (fatigue  wear,  etc.),  NDT,  heat  resistant  materials,  corrosion  and  powder 
metallurgy.  Dr.  Matsui  and  his  colleagues  described  several  problems  which  are  currently  active,  as 
follows: 

I)  Night  crying  failure: 

This  refers  to  a cracking  problem  with  high  strength  steel  wheel  bolts  and  propeller  shaft  flanges. 
.Although  these  steel  bolts  and  flanges  (80-120  kg  mm  ) are  installed  and  tightened  without  incident  during 
car  assembly,  they  often  crack  overnight,  with  an  accompanying  noise  or  “cry”.  During  discussions  it 
1 became  clear  that  the  problem  is  simply  delayed  hydrogen  failure.  Hydrogen  is  introduced  during 

' manufacture,  probably  during  pickling,  plating  or  heat  treatment.  Initially  this  appeared  to  cause  some 

I confusion  among  Mazda  people  in  that  the  problem  was  not  encountered  when  lower  strength  items  were 

subjected  to  the  same  process,  a reminder  that  steels  become  far  more  sensitive  to  hydrogen  at  high 
, strength  levels.  Subsequently  a review  of  a previous  paper  (Met  Trans  3,  1 169,  1972)  appeared  to  clarify 

this  issue. 

‘ 2)  Cyclic  fatigue  problems: 

There  are  apparently  cyclic  fatigue  failures  oecuring  with  80  to  120  kg/mm'  steels  which  are  not  well 
understood.  .Again  a hydrogen  cause  of  failure  was  suggested,  because  the  erratic  behavior  appeafcd  in 
zinc-plated  steel  parts. 

3)  Corrosion  problems  in  marine  engines: 

A corrosion  problem  exists  with  pans  for  marine  engines.  For  economy,  a cast  iron  pan  is  used,  7mm 
thick.  The  laboratory  is  studying  the  application  of  spray  coatings  of  aluminum  in  thicknesses  to  0.2  mm. 
to  protect  the  cast  iron  pans  from  saltwater  and  salt  air  corrosion.  Accelerated  tests  to  date  give  promising 
j results. 

4)  Combined  corrosion/ wear  problems  in  the  rotary  engine: 

According  to  Dr.  Matsui  and  others,  the  problems  of  wear  and  corrosion  in  rotary  engines  are  not  ade- 
quately addressed  in  the  literature.  What  is  needed  are  data  which  directly  relate  the  performance  of  the 
metal  in  engines  to  the  lubricant,  contact  pressure,  gaseous  environment,  combustion  deposits  and  other 
influences.  At  Mazda,  engine  tests  include  determinations  of  weight  loss,  surface  roughness,  friction  co- 
efficient change,  etc.  A great  deal  of  work  over  a long  period  has  established  correlations  between 
laboratory  tests  and  the  service  condition.  Mazda  regards  this  data  as  more  useful  than  "basic”  research 
data  in  the  literature. 

It  is  of  special  interest  that  Mazda  has  learned  (the  hard  way)  that  the  results  of  the  engine  and 
laboratory  tests  are  sensitive  to  the  skill  of  individual  technicians.  Thus  the  ability  to  correlate  engine  per- 
formance to  laboratory  tests  depends  on  the  skill,  experience,  intelligence,  motivation,  etc.  of  the  in- 
dividual making  the  laboratory  tests  and  interpreting  the  results.  One  current  high-priority  effort  at  Mazda 
is  to  refine  test  procedures  and  standards  to-minimize  this  human  factor. 

A specific  item  of  interest  to  metallurgists  and  technologists  is  that  rotary  engine  seals  are  made  of 
chilled  (white)  cast  iron.  Thus  an  ancient  material  competes  successfully  to  this  day. 
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' Mazda  was  dismayed  at  the  1973  statement  on  the  fuel  economy  of  the  rotary  engine.  Before  the  oil  crisis 

i the  emphasis  in  the  U.S.  was  on  cleanliness,  afterwards  on  fuel  economy.  The  tests  for  fuel  economy  were 

conducted  on  a rotary  engine  adjusted  for  cleanliness;  hence,  the  poor  showing.  At  present.  Dr.  Matsui 
stated,  an  engine  40  percent  improved  in  economy  is  ready.  A promotion  campaign  is  planned  to  overcome 
the  previous  bad  (and  according  to  Mazda  undeserved)  publicity  and  to  inform  the  public  of  the  excellent 
I economy  now  available. 

In  summary,  Mazda  Toyo  Kogyo  is  an  excellent  company  which  pursues  materials  research  entirely  from 
an  applications  viewpoint.  A wealth  of  data  has  been  accumulated  which  for  their  purposes  could  be  more 
valuable  than  basic  research  studies,  because  they  are  correlated  with  engine  performance  results. 

i 


rOVOTA  C'KN TRAI,  RKSKARCH  AM)  DKVKI.OPMKNT  LABORATORIES 


Toyota  Central  Research  and  Oevelopnient  l aboratories,  Inc.,  was  established  in  1960  to  provide 
research  support  for  the  Toyota  Ciroup  companies.  The  current  Director  is  Dr.  Noboru  Komatsu,  who 
described  the  Toyota  Ciroup  companies  and  their  major  interests  and  products  as  follows; 

1 ) Toyota  Tsusho  Kaisha  l td.  - Exporters,  importers,  general  merchants. 

2)  Toyota  Automatic  l oom  Works,  l td.  - Spinning  and  weaving  machinery,  fork  lift  trucks,  light 
trucks,  automotive  parts. 

})  Toyota  Motor  C'o.,  l td.  - .Automobiles 

4)  Toyota  Spinning  and  Weaving  C'o.,  l.td.  - C'otton,  woolen,  synthetic  yarns  and  fabrics. 

5)  Toyota  Motor  Sales,  Inc.  - Sales  of  automobiles  and  parts. 

6)  Toyota  Machine  Works,  l.td.  - Cirinding  machines,  milling  machines,  semiconductor  strain  gages, 
solid  state  devices. 

7)  .Aichi  Steel  W'orks,  l.td.  - Spring  steel,  bearing  steel,  structural  steel,  stainless  steel,  tool  steel. 

8)  Nippon  Denso  C'o.,  Ltd.  - Electrical  auto  parts  and  accessories. 

9)  Aisin  Seiki  Co.,  Ltd.  - Auto  parts,  drive  and  brake  compounds,  die  castings. 

10)  Toyota  Auto  Body  C'o.,  Ltd.  - C'ar  and  truck  bodies. 

The  main  activities  of  the  Laboratories,  many  of  which  seem  to  be  of  interest  to  the  Navy,  are  listed 
below ; 

a)  Materials  processing,  treatment,  evaluation  and  structural  analysis 

b)  Applied  mechanics  and  physics 

c)  Control  and  .servo  engineering 

d)  Combustion  engines  and  heat  transfer 

e)  Battery  and  electrochemical  phenomena 

f)  Fatigue,  fracture,  wear  and  lubrication 

g)  Chemical  and  instrumental  analysis 

h)  Radioisotope  technique 

i)  Electronics  and  optics 

j)  EnvironmentaJ  and  pollution  control 

k)  Sensors,  including  semiconductor  strain  gages 

l)  Computer  applications 

Research  programs  and  decisions  are  generated  in  the  manner  outlined  in  Chart  1.  It  is  of  interest  that 
research  proposals  are  a dual  effort  of  administrators  and  research  scientists  and  engineers.  The  needs  for 
the  research  both  inside  and  outside  the  Toyota  Group  are  considered  and  there  are  extensive  communica- 
tions, contacts  and  surveys  to  assess  what  is  new  and  what  is  ready  for  development  w ithin  the  capability  of 
the  Laboratory.  ^ 

Following  Dr.  Komatsu’s  review  of  the  managerial  approach  and  research  interests  of  the  Toyota 
Laboratories,  a one-hour  talk  on  the  materials  research  activities  of  ONR-NRL  was  given.  Three  selected 
presentations  on  research  activities  at  Toyota  followed,  and  these  are  described  below: 

1.  Dispersion  Strengthened  Alloys  for  Electrode  Tips  (Dr.  Yamada)  - Dr.  Sen-ichi  Yaniada  and  N. 
Komatsu  have  developed  copper  alloys  for  service,  among  other  applications,  as  electrode  tips  for  spot 
welding.  The  alloys  feature  the  double  effects  of  solution  and  dispersion  hardening  in  internally  oxidi/.ed 
C u-1  Al  alloys  with  additions  of  Ag,  Pd,  As  and  In.  The  high  strength  is  retained  up  to  1050'’C.  The  basic 
research  leading  to  the  development  has  been  published  in  a series  of  papers  in  the  Japan  Institute  of 
Metals  Journal,  beginning  in  1972.  The  development  is  now  regarded  as  ready  for  commercial  sales  follow- 
ing completion  of  the  re.search  last  year. 

2.  Semiconductor  Strain  Gages  and  Their  Application  (Dr.  Igarashi)  - Dr.  1.  Igarashi  and  T.  C'hiku 
describe  a "Subminialure  Three-Directional  Accelerometer;  An  Application  of  Semi-conductor  Strain 
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C'lages"  in  Instrument  Society  of  America  Transactions,  Vol.  9,  No.  2,  p.  119,  1970.  Hasically  three  or- 
thogonal cantilever  beams  are  used,  to  which  1.7  mm  x 0.2  mm  x 0.3  mm  p-type  Si  gages  are  attached.  A 
half  bridge  circuit  measures  the  voltage  output  of  the  gages.  The  entire  accelerometer  is  about  the  width  of 
a dime  on  each  cube  face.  The  accelerometers  are  useful  in  human  factors  engineering,  as  in  nteasuring  the 
acceleration  of  the  head  of  a passenger  upon  impact  in  a simulated  car  accident. 

.•\  similar  device  is  the  semiconductor  pressure  transducer  developed  by  loyoia  C'eniral  K&l) 
l aboratories.  These  transducers  feature  high  sensitivity,  small  si/e  (match-head  dimensions),  loss 
hysteresis,  response  at  high  frequency  and  long  life  with  good  stability. 

The  sensing  element  of  the  transducer  is  a silicon  chip,  integrated  with  a set  of  diffused  resistors  which 
perform  as  sensitive  strain  gages  through  the  pie/o-resistive  effect.  The  center  of  the  chip  is  thinner  than 
the  edges  and  operates  as  a diaphragm.  Pressure  change  on  the  diaphragm  produces  a small  strain  and  a 
change  in  the  resistors.  This  produces  a change  in  the  output  voltage  of  the  bridge  circuit  to  which  the 
resistors  are  connected. 

The  transducers  have  been  applied  in  a number  of  ways,  l or  e.xample,  they  have  been  used  to  measure 
aerodynamic  pressure  distribution  on  the  surfaces  of  helicopter  and  turbine  blades,  aircraft  wings  and 
bodies,  and  on  large  structures  such  as  buildings  and  bridges  (witid  effects).  They  have  also  been  used  to 
measure  pulse  waves  at  finger  tip,  upper  arm  and  neck  in  the  human  body.  In  this  case  a silicone  oil  con- 
tained in  a vinyl  film  is  used  to  transmit  the  hydrostatic  pressure  to  the  transducer.  The  transducers  have 
also  been  applied  in  the  measurement  of  physiological  fluid  pressures  such  as  blood,  spinal  and  v entricular. 
Another  variation  of  the  transducer  measures  intracranial  pressures. 

3.  The  TD  Process  (Or.  Aral)  - Dr.  Aral  reviewed  the  Toyota  diffusion  coating  process  (TO  process) 
which  was  discovered  in  1971  but  has  been  under  development  since.  The  TO  process  won  the  Industrial 
Research  Magazine  IR-1()0  award  in  1976.  This  award  honors  the  top  100  new  products,  processes  and 
materials  of  the  year. 

The  TO  process  is  in  fact  a series  of  related  processes  vv  hich  serve  to  form  a carbide,  boride  or  alloy  sur- 
face layer  on  a substrate  metal,  usually  carbon  steel.  The  layers  forn.ed  are  carbides  of  V,  Nb,  Cr,  Mn,  and 
other  carbide  formers,  or  alloys  between  the  substrate  and  elements  such  as  Mn,  .Al,  Si,  13,  or  C'r.  The 
coating  may  be  applied  by  dip,  powder  or  paste  methods,  or  by  electrolysis  in  molten  salts.  The  dipping 
method  is  apparently  the  most  fully  developed  and  the  one  which  was  discussed  during  the  visit  and  which 
is  described  in  company  brochures. 

The  dip  method  involves  a borax  solvent  at  8(K)  to  1050°C,  to  which  arc  added  powdered  carbides,  fer- 
roalloys or  oxides  of  the  coating  metals.  The  part  to  be  coated  is  dipped  for  from  I to  10  hours,  which  gives 
the  desired  coating  thickne.s's  of  5 to  1 5 microns. 

The  coatings  are  reputed  to  excel  in  wear  and  seizure  resistance  as  well  as  to  resist  corrosion  and  «.  ida- 
tion.  The  coefficient  of  friction  against  steel  is  claimed  to  be  20  percent  less  than  that  of  hardened  steel. 
The  applications  of  the  process  are  described  in  some  detail  in  Toyota  Central  Research  & Oevelopment 
Laboratories,  Inc.,  publications  dated  February,  .April,  .lime,  September  and  October  1976.  Mitsui  and 
Co.,  Ltd.,  is  the  exclusive  agent  in  the  United  States. 

A scries  of  scientific  articles  on  various  aspects  of  the  TO  process  have  been  published  bv  .Arai  and 
others  in  recent  issues  of  JJIM  (J9.  247,  1975,  40.  925,  1976,  4/.  68,  1977). 

In  general,  the  Research  and  Oevelopment  Laboratories,  Inc.,  of  the  Toyota  Group  are  typical  of  similar 
wide-awake,  aggressive  and  opportunistic  industrial  laboratories  in  the  United  Stales.  It  is  perhaps  too 
easy,  however,  to  forget  the  contributions  such  laboratories  make  not  only  within  the  practical 
engineering-military  world,  but  to  basic  scientific  knowledge  as  well. 


TOSHIBA  TOKYO  SHIBAI  RA  KLKCTRIC  CO.  LTD. 
RKSKARCTI  AND  DKVKLOPMKM  CKNTKR,  MKTAI.S  AND 
CKRAMICS  LABORATORY 


The  Toshiba  Research  and  Developmeni  Center  in  Kawasaki  was  organized  into  its  present  form  in 
1%1 . There  are  approximately  1680  employees  at  present  (double  the  number  in  1961 ) of  whom  about  800 
arc  professional  level,  and  l(X)  hold  doctorates.  The  center  is  composed  of  ten  specialized  laboratories.  The 
laboratory  visited  was  the  Metals  and  Ceramics  l.aboratoiv,  which  is  grouped  into  (1)  electric  and 
magnetic  materials,  (2)  structural  materials  and  O)  ceramics  and  glasses.  Other  laboratories  are  concerned 
with  chemicals,  electron  devices,  integrated  circuits,  electronics  equipment,  information  systems,  con- 
sumer products  (appliances,  radio),  nuclear  and  electrical  engineering,  mechanical  engineering  and 
microw  ave  elect  ronics. 

The  Metals  and  Ceramics  Laboratory,  under  the  direction  of  Dr.  N'.  ^'oshida,  is  divided  into  six  sections. 
The  Electric  and  Magnetic  Materials  group  is  concerned  with  magnetic,  superconducting  and  electric 
materials.  The  Structural  Materials  Group  is  concerned  with  corrosion  resistant  metallic  materials,  high 
temperature  metallic  materials,  fiber  reinforced  composite  materials,  powder  metallurgy  and  nuclear  reac- 
tor materials.  Stress  corrosion  cracking  is  a serious  concern  of  this  group  at  present.  The  Metal  Processing 
and  Evaluation  Group  evaluates  materials  and  their  processing  and  control.  The  Special  Ceramics  Group 
looks  at  ceramics  for  high-temperature  applications  and  as  ionic  conductors.  The  Glass  Group  studies  glass 
fibers  for  optical  and  electronic  communication  as  well  as  glass  manufacturing  processes.  Finally,  the  Elec- 
tronics Ceramics  Group  studies  ferrites,  piezo-electric  materials,  nonlinear  resistors,  surface  wa\e 
materials  and  the  processing  and  manufacturing  of  these  materials. 

The  visit  began  with  a historical  overview  of  the  organization  by  Dr.  S.  Chiba,  substituting  for  Dr.  ^ ^ 
Yoshida  who  was  in  the  United  States  at  the  time  of  this  visit.  A brief  movie  was  shown  w hich  indicated  ac- 
tivities of  the  organization  in  the  area  of  water  purification  (by  ozone),  ultrasonic  diagnostics,  ion  implan- 
tation, light  emitting  diodes,  silicon  solar  cells  and  in  the  development  of  the  so-called  "silcntalloy.”  The 
latter  is  an  iron-base  alloy  with  unusually  large  damping  capacity  and  is  useful  where  noise  and  vibration 
must  be  suppressed. 

Individual  discussions  followed  a presentation  on  NRl  -ONR  interests.  Mr.  M.  Hishada  discussed  some 
of  his  work  on  stress  corrosion  cracking  of  stainless  sieels.  He  is  studying  the  corrosion  of  type  .R)4 
stainless  at  constant  strain  rate  (8..^  x lO"  to  10"')  in  high  temperature  water  (2()9°C).  .According  to 
Hishada,  an  accelerating  environment  such  as  boiling  magnesium  chloride  is  not  predictive  in  the  case  of 
high  temperature  water  and  therefore  the  autoclave  tests  are  necessary.  The  results  indicate  that  stress  cor- 
rosion cracking  takes  place  only  when  two  conditions  arc  satisfied:  the  water  must  contain  dissolved 
oxygen  and  the  steel  must  be  sensitized.  Either  condition  alone  docs  not  produce  cracking. 

Hishada  has  recently  spent  a year  in  the  United  States  studying  with  ONR  contractor  R.  Staehle  at  Ohio 
State  University.  Three  papers  by  Hishada  (with  H.  Nakada)  have  been  submitted  to  N.AGE  entitled, 
“Constant  Strain  Rate  Testing  of  Type  .R)4  Stainless  Steel  in  High  Temperature  VN'ater,"  ".An  Investiga- 
tion of  the  Chloride  Effect  on  Stress  Corrosion  Cracking  in  Constant  Strain  Testing  of  Type  .R)4  Stainless 
Steel  in  High  Temperature  Water,"  and  "Critical  Cooling  Rate  of  18Cr-8Ni  Stainless  Steel  for  Sensitiza- 
tion and  Subsequent  Intergranular  Stress  Corrosion  Cracking  in  High  Temperature  Water.” 

Mr.  1.  Watanabe  described  current  work  on  the  carbide  reactions  in  heat-resistant  steels.  He  hopes  to 
relate  microstructural  observations  to  predictions  of  life  and  residual  life  of  materials  in  high-temperature 
service.  Specifically,  he  is  trying  to  estimate  ( I ) the  effects  of  carbide  spacing  and  size  on  creep  rates  and  (2) 
the  effects  of  solid  solution  strengthening  of  the  matrix,  as  this  is  innuenced  by  the  effects  of  alloying 
elements  in  the  matrix  on  carbide  solubility.  The  prevention  of  stress  corrosion  cracking  through  studying 
the  means  to  impede  depletion  of  chromium  in  the  grain  boundary  region  is  also  under  study. 

Watanabe  studies  in  situ  each  carbide  particle  with  respect  to  composition  and  local  chemistry,  using  \- 
ray  analytical  procedures.  Carbide  morphology  is  studied  by  extraction  replica  techniques.  Watanabe  was 
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' (-•autioncd  ihai  his  goals  arc  dilliculi  lo  achicsc.  Prcdiciions  ol  long-ierni  pcrlorniance  on  ihc  basis  of 

struciural  I'caiurcs  have  been  less  than  totally  successful. 

^ Mr.  .V.  Fsiige  tie\t  described  some  of  the  company’s  activities  in  nitrogen  ceramics.  I he  major  achieve- 

ment claimed  is  a high-strength  Si.N,  material  with  a V.-O,  additive  to  promote  sintering.  .\  flexural 
strength  ol  120  ksi  at  14()0°C'  is  claimed.  The  material  can  also  be  water  quenched  from  10(X)°C  without 
damage.  According  to  Tsuge,  the  addition  of  rare-earth  elements  such  as  yttria  and  alumina  to  silicon 
I nitride  (followed  by  sintering)  is  the  secret.  The  rare  earth  additives  increase  the  high  temperature  strength 

of  the  ceramic  material  by  combining  with  Si,N,  to  form  Si,N4.N'.()i,  which  is  very  resistant  to  heat.  The 
grain  boundary  phase  in  the  improved  materials  is  crystalline,  in  contrast  to  the  glassy  phases  which  form 
with  MgO  additives.  The  ^ .-O.  additive  also  produces  a change  in  fracture  mode  from  intergranular  (with 
MgO)  to  transgranular  at  elevated  temperatures.  The  new  ceramic  is  expected  to  have  wide  application  in 
i gas  turbine  blades  and  vanes,  heat  exchangers  for  high  tetnperature  gas  reactors,  seals  in  rotary  engines, 

i ' gas  bearings  and  in  crucibles  for  molten  metals.  Dackgroutid  material  for  this  development  is  published  iti 

, .1.  .American  Ceramic  Society  .W  No.  7-8,  .723,  1975;  J.  .American  Ceramic  Society  57  No.  6,  1974;  Toshiba 

; Review  No.  92,  July  1974. 

I The  visit  concluded  with  a visit  to  the  Toshiba  Science  Institute.  This  is  essentially  an  elaborate  exhibit 

; intetided  to  give  the  viewer  a preview  of  the  electronic  world  of  the  future  (TV  telephones,  trains  without 
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Under  the  guidance  of  M.  Arii,  Manager  of  the  Plant  and  Equipment  Engineering  Department,  Atomic 
I’ower  Division,  a visit  was  made  to  the  Metals  Engineering  Group  of  the  Heavy  Apparatus  Engineering 
I aboratory  of  Toshiba.  Arii  was  formerly  head  of  the  Heavy  Apparatus  Engineering  Laboratory. 

The  visit  began  with  a tour  of  the  laboratory,  located  at  Tsurumi,  Yokohama.  The  laboratory  is  com- 
posed of  several  groups.  C.  e group  studies  the  techniques  for  electrical  insulation.  .A  second  group  is  in- 
volved with  metallurgical  engineering.  Studies  of  interest  involve  SE.M  studies  of  fatigue  striations, 
acoustic  emission,  zone  refining  equipment  and  TIG  welding  developed  for  ultra-high  precision  parts.  .A 
third  group  is  concerned  with  wastewater  treatment  engineering.  A fourth  group  is  concerned  with  atomic 
power  equipment  engineering.  Examples  are:  mock-up  of  fuel  handling  device  for  fast  breeder  reactor, 
electromagnetic  pumps  for  liquid  sodium,  bellows  type  vacuum  vessels  for  experimental  nuclear  fusion 
devices  and  mock-up  of  plasma  experimental  devices.  Another  group  studies  electrical  machinery  engitieer- 
ing.  Featured  are  an  anechoic  room,  hydraulic  vibration  machines  for  earthquake  strength  tests  and  large 
thrust  bearing  testing  equipment.  A hydraulic  machinery  engineering  group  features  a high-head  test  stand 
tor  pump-turbines,  a data  processor  lor  model  tests  ol  water  turbines  and  a 5-axis  numerical  controlled 
machine  to  machine  turbine  blades  of  precise  configuration. 

On  the  tour  an  assortment  of  enormous,  impressive  equipments  were  observed,  as  follow  s: 

1.  .A  steam  turbine  generator  coil  winding  shop.  Generators  (steam  turbine)  to  KXX)  million  watts  were 
seen  in  production. 

2.  Direct  current  motors  lor  shipment  overseas,  mostly  to  steel  companies  were  seett  in  production. 
These  range  in  size  from  700  to  7300  KW.  They  were  destined  for  such  diverse  places  as  Crete,  Venezvtela 
and  Cleveland,  Ohio. 

3.  A welding  shop  was  seen  which  produces  welded  components  for  water  turbines.  Stcu'k  up  to  6 inches 
thick  was  being  welded  from  80  kg/mnv  steel  by  electroslag  welding. 

4.  Truly  giant  water-turbine  machinery  for  hydroelectric  power  facilities  was  being  fabricated.  The 
water  turbines  were  fabricated  of  1 3 percent  chromium  stainless  steel. 

5.  Most  welding  is  CO.  arc  welding,  but  special  problems  involve  MIG,  flG  and  electroslag  welding.  A 
31  MeV  Betatron  is  used  to  test  welds. 

A study  of  stress  corrosion  cracking  susceptibility  of  304,  316,  316C  and  347  stainless  steels  was  de- 
scribed. Test  selections  are  4 inch  diameter,  8 mm  thickne.ss  pipes  containing  three-welded  joints.  1 oads 
are  either  tensile,  up  to  75  ton,  or  4-point  bending'.  The  pipes  contain  water  at  75  kg' cm'  pressure  and 
290°C  temperature.  Cyclic  loads  are  used,  at  a rate  of  zero  to  maximum  once  or  twice  a day. 

Acoustic  emission  studies  are  being  cotiducted  on  large  pipe  sections  which  contain  a machined  notch. 
The  notch,  0.3mm  thick,  16mm  deep  and  19mm  wide,  simulates  serv  ice  conditions  for  a feed  water  nozzle 
of  the  BW  reactor.  Fatigue  loads  are  related  to  notch  extension.  The  particular  test  piece  observ  ed  had  en- 
dured 100, (X)0  cycles  at  a rate  of  6 or  7 cpm.  The  acoustic  emission  detector  is  a Dunegan  Model  1032,  ob- 
tained from  the  USA. 

A biaxial  stress  test  apparatus  and  specimen  was  seen.  The  specimen  is  cruciform  and  costs  $31X)0.  A saw 
cut  notch  is  placed  at  various  orientations  within  the  specimen  center.  .A  creep  gage  is  inserted  iti  the  notch. 
The  idea  is  to  determine  whether  the  Ki^.,  slip  or,  .l-integral  criteria  for  fracture  apply  to  biaxial  fracture. 

Studies  of  creep-fatigue  interaction  are  underwav,  with  the  goal  of  suppiving  essential  data  for  the  EBR 
at  650°C. 

Dr.  Arii  serves  with  Dr.  lida  of  Tokyo  University  in  setting  up  an  International  Symposium  in  Tokyo  on 
25-27  September  1978  on  Criteria  for  Service  Fracture  of  Welds  attd  Welded  Structures.  This  meeting, 
sponsored  by  the  Japan  Welding  Society  and  the  Japan  Academy  of  Sciences,  will  feature  welding, 
metallurgy,  identification  of  defects  and  in-service  inspection. 
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Iiuli\ iiliial  ilisciiNsions  were  arraiificil  mi  ihc  Mihiivis  ol  sircsv  >.i'in>sion  ciat'kinii  I'l  siainli'ss  siccl.  Ii.ic 
(uic  inivhaiiii.s  anil  (lie  api'liiaiimi  nl  lii}!li  siii'n};ili  Mi’t’l  (II  I SO)  lu  ihf  casings  ol  hviliaiilic  pumps.  I he 
suhsiaiKC  of  these  iliseussions  follows: 

1.  Stress  eotrosion  of  staitiless  steel  - loshiha  is  inietesieil  in  slnnt  term  eoiititet measures  ti'  impioie 
welilittg  proeeiintes  hut  is  also  imeresteil  iti  lotig  tertn  eonntet ineasures  for  prohletns  which  may  ilevelop  iti 
HWR  plattts.  I hey  are  thetefore  stinlying  eorrosiott  crackitig  iti  constant  straiti  rate  tests  atul  cotistani  loail 
tests  aiul  are  itnoKeil  iti  the  p'pe  tests  ilescriheil  ptesioiisly. 

Some  principal  achiesemetits  have  heeti  i|uatititati\e  chcttiical  cliaractei i/ation  ol  seiisiti/ation,  atul  the 
use  of  flowing  water  iti  the  pipe  iluring  weliling  (altei  the  lirst  pass)  to  produce  cotnpressiie  residual  welii 
stresses  at  the  weld  itiside  the  pipe  (a  short  tertn  eoutitet  tneasiite  proposed  In  1111). 

.Xtiothet  achiesettietit  has  heeti  the  developttietu  ol  weld  clailtling  ptiot  to  hittt  welilittg  ol  pipe.  1 he 
ptocess  permits  the  retetitioti  of  sufficietit  delta  ferrite  to  itnpede  stress  eorrosiott  cracking  and  the  heat  al- 
fected  /ones  ean  he  solution  treated. 

2.  1 ractitre  mechatiics  — I his  work  originated  from  tests  oti  turhitte  getieratot  rotoi  forgings.  I hese 
were  spiti  hurst,  deep  tiotch  tests  atul  K|,  tests.  .Ncoustic  etnission  monitoritig  suggested  that  crack  growth 
was  not  always  related  to  the  direetioti  of  masitmttn  sttess.  Tests  were  therefore  eondneted  ittuler  cottdi- 
tions  of  biaxial  stress,  as  deserihed  earlier.  The  tesults  indicate  that  itideed  hoth  the  lalues  ol  K atul  K,, 
ttutst  he  evaluated  to  get  the  true  fractiire  resisiatiee,  hecause  the  Haw  growth  direetioti  is  not  always 
perpendicular  to  ihe  direction  of  tnaxiniutn  stress. 

.V  Heavy  thicktiess  high  siretigth  steel  for  pump  casings — The  pritnary  interest  here  is  lor  tuicleai 
pntnps.  The  iliseussions  were  oti  the  resistatice  ol  high  strength  steels  to  etack  piopa,eation  in  gasei'iis 
hydrogen  as  well  as  to  other  sourees  of  etnhrilt lenient. 

The  suhstatice  of  the  itilerest  of  the  Heavy  .Xiiparatus  1 ahoratoty  is  eotitaitied  in  sevetal  puhlieaiioiis 
which  have  appeared  iti  recetit  years.  IMatie  straiti  initiation  of  hrittle  fractute  in  totor  fotgitigs  is  discussed 
iti  Meehatiical  Behavior  of  Materials,  I’roc.  of  the  HHI  Ititeniatiotial  C'oiileretice  oti  Mechanical  Beluivioi 
of  Materials,  Vol.  V,  1972,  p.  407.  .N  eorrelatioti  of  fractute  toughttess  hy  the  spin  hurst  atul  deep  notch 
test  is  deserihed  iti  Theoretical  atul  .•\pplied  Mechanics,  2/,  Htiivetsiiy  of  Tokvo  Press  I‘)7.V  The  latigue 
stretigth  of  11  T 80  spiral  eastings  for  hydraiilie  pnttiivturhines  is  given  iti  MW  Doc.  \lll-'’28-74.  Slow  crack 
growth  and  acoustic  emission  characteristies  in  the  COD  test  ate  deserihed  in  Tngitteering  I taciure 
Mechanics,  7,  ,VSi(ii)75). 

The  Heavy  .•\)'>paratus  Ttigitieeritig  I ahoratorv  is  iihvionslv  curient  atul  keenlv  aware  ol  |viactical  pioh 
letiis  atul  the  shortcotttings  of  eurrent  lahoratory  preiliclive  e.ipahilities  with  tespect  to  etack  growth, 
fatigue  atul  fracture. 
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nil  \(  III,  I II). 


1 Ik‘  Ki'SiMU'li  1 ahi'ialoiy  in  llilai'hi  is  vmio  i>l  si\  l.n^i'  n'sc.iiili  l.il'iM aloi u's  nl  ltii‘ si'inpaiu  , .ill 

ol  whisli  icpnii  ilinvils  lo  Ihc  I’u-sukaii  ami  Mmiul  ot  niiiviois.  I he  lliiaeln  Keseauh  I alunaiou  (IlKI  ) 
hivame  an  nuk-pemleni  lahoiaioiy  in  l‘>U)  ami  in  1%:  (he  piesein  main  Innklnii;  «as  evinsiineu\l  i<n  ihe 
Mikaiuih.iui  I laieaii.  a heanlilnl  site  \ihieh  lueik'iiks  the  l*.ieilie  (k'ean  ii»  ihe  l .isi  ami  nuiuiu.niis  ui  ihe 
W esi 

l)i.  loshio  Dpi.  Depniy  Cieneial  Manager,  tiisi  pnihiu\l  (he  Pigam/aiiPii  pI  IIKI  ami  ileseiiheJ  hiielh 
aisp  (he  PI  her  l'i\e  inaipi  lahpiaipi  ies.  The  Pihei  fixe  l.ihpiaipi  les  .lie: 

1.  C'eniral  Researeh  I .ihpi.iipiy  ( 1 pkyp) 

2.  Meehanieal  I'ngineering  Researeh  1 ahpiaiPiv  Onnweeii  lliiaehi  ami  I pskp) 

k AtPinie  I nergy  Researeh  1 ahpiaiPn  (kaivasaki) 

4.  I’rpiluelipn  I ngineering  Researeh  I ahpi.iiPi  y ()  pkph.nmi)  .iml 

5.  Systems  Deveippineni  1 ahpialPiy. 

Ihe  tPial  number  pI  pepple  w pi  king  in  (he  six  labpiaipiies  is  abpiit  4(HH)  Ihe  Iliiaehi  Reseaieh 
I abpiaipi  y empipx  s lwX>. 

Ihe  researeh  liekis  ei'sereJ  at  IIRI  inelmie  em'igy,  inlpi ni.iiipii  pipeessing  .iml  epiitipl,  imhisin.il 
maehinery  ami  transppi  taiipn.  ami  en\ iipnmemal  epiiiipl.  M.iieiials  reseaieh  is  lelaieil  iiipsiIs  ip  heaw 
eleelrieal  maehineiy,  A elpse  relaiipiiship  \\i(h  die  epinpany  maniilaetiii  ing  «piks  is  maintained  ip  assnie 
I'eedhaek  and  piPinpt  applieatipii  pI  researeh  resniis.  In  tael.  IIRI  maiiiiaiiis  bianeh  labpiatPiies  at  eight 
Pi  Ihe  vaiipiis  wprks  ip  .issme  elpse  liaispii.  Hie  vaiiPus  \V  piks  sppuspi  "’s  peieeni  pl  the  leseaieh;  the  le 
inaming  25  peieenl  is  sppiispied  by  the  epippiate  he.ul  Plliee.  Iliiaehi  spends  2(KI  milhpii  dpil.iis  .i  \eai  v'li 
researeh  and  deNekrpmenl.  w iili  abPiii  40  inillipii  p!  this  gping  ip  IIRI  . 

Hrier  intrpduelipiis  tp  the  I ilih  Deptiriineni  and  the  Hind  Depaitmeni  weiegnen  In  S Isnihai.i.  .iml  S 
Kusiiinptp,  res|Hvli\ely  Senipi  Rese;ireher  in  the  I ilih  Dep.ii  inieni  ami  M.inagei,  lliiid  Dep.nimeni 
These  Departments  are  the  imp  nhieh  neie  xisiteil.  aliliPiigh  iheie  aie  .ippipxiiiiatelx  11  Dep.ii  tmenis  .n 
IIRI  ep\ei ing  maieri.ils  .ispeeis  in  lheeleeiiie.il,  meeh.mie.il,  iii.iteiials.  nmle.ii  .md  enMipnnieni.il  aie.is 

The  TiTili  Depart  meni  is  ;ie(i\e  in  a numbei  I'T.iie.is  ePiieeined  null  mei.illuig\  and  n elding,  .is  Ipllpns 

1.  I prrpsipn  resistant  mateiials  pii'bleins  pI  stress  epiipsipii  ei.iekmg  in  stainless  .md  I'lhei  steels  Ipi 
steam  and  n.iiei  tin  bines  and  ntielear  ppnei  pl.ints, 

2.  He.il  lieaimeni  pI  siinelur.il  m.iieiials  hetii  iieainieni  tm  siimiui.il  impunenients  as  well  as  sui 
iaec  iicaiiiieiiis  .mil  ip.ilings. 

V Timetipit  malei  iais  these  ate  eleetrie.ilK  epiidiieiing,  siipeiepitdiieinig  .iml  epitiaei  ni.iteii.ils 

4.  Welding 

' I'hysiiMl  nieialltiigy  iilliahigh  siiengih  maraging  steels. 

6 \\  ekiability  the  neldability  pTallpys  ;is  ePiiii.isted  Ip  nekinig  leehimiiies, 

7.  Tpiging  and  easiing-applieaiipiis  Tpi  n.iiei  and  steam  iiiibmes.  huge  and  heaw  Ipigmgs  and 
eastings. 

Sexeral  aehiexements  neieeited  Ipi  the  Tilth  Depaiintent  Tnsi  .i  ninItiTil.inieni  Nb,.Sn  sui'eiepiidm  ting 
material  has  been  de\elpped.  I he  ihamelei  is  0.'’4  mm  .iml  epitsisis  pI  se\en  sti.imls,  e.ieh  mih  Hi  (me 
(=  .S^im)  nipbinm  l ilaments,  embedded  in  a epppei  and  bipii/e  mixed  m.iii  ix  Taeh  nipbnnn  lil.imeni  h.is  an 
Nb.Sn  I'ilameni  pI  abpui  kriii  thiekness  at  the  sm  laee  dexelpped  b\  the  seleeiiie  ditliisipn  nieihpd  lippd 
Teaiuies  elanned  ate: 

1 . insiimsie  siabili/alipii 

2.  bemlabiliiy  and 

V |pn  eleeliie  resisianee  ;it  lpn  but  itpt  siipeiepiidiieimg  teinpei.iiuies  Iipiii  the  mixed  epppei  bipn/e 
matrix. 
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A sivotul  iKcomplishnicni  is  ihc  ilcscUiptncm  ol'  MK)  kg  min'  inaiagiiig  sioi‘1.  Ilu-io  was  in>  spciilu- 
discussion  of  this,  (nil  soscral  papers  were  gi\on  rclaiing  lo  sirciigihcning  b\  conirol  i>r 


1 . soluiioii  ircainK'iii  (JIM  62  No.  S,  .^4,  U)7(i). 

2.  giam  si/o  (JIM  No.  2,  .‘>6,  l‘)76),ani.l 

.J.  colli  working  and  aging  (.1 IM  <S2  No.  d,  101,  l‘)76). 

rite  third  achiovcnicni  cited  was  the  high  abrasion- resistant  l-Si  alloy.  I bis  alloy  combines  the  st length 
ol  duralumin  with  greater  abrasion  resistance.  Hie  alloy  is  tormable.  weldable  (IKl  and  MICI), 
machinable  and  resistant  to  SC'C  in  solutions  containing  chloride  ions.  No  let'eience  woiks  weie  obtained, 
but  Hitachi  has  produced  brochures. 

1 he  rourth  achievement  is  the  estension  atid  a|iphcation  of  fractme  mechanics  to  production  machinery. 
■A  series  of  papers  by  S.  Kusumoto  and  others  develop  critictil  analysts  and  evaluations  of  the  stress  inten 
sitv  factor,  including  the  development  of  the  three-dimensional  stress  intensity  factor  by  the  finite  element 
methoil  (see  .IlMIN  12  No.  6 ld7.S;  I’roc.  l‘J74  Symposium  on  Mechat.ical  Uehavior  of  Materials,  Kyoto; 
I’roc.  JSMI- - ASMl-  applied  Mechanics  W estern  Conference,  March  147.^,  Honolulu). 

The  fifth  accomplishment  cited  is  the  developmetit  of  various  welding  techniiiues  atid  their  applications. 
I hese  are  deep-penetration  electron  betun  welds,  electroslag  welds  and  the  soldering  of  micioelectronic 
components.  .\  series  of  papers  dealing  with  electron  beam  welds  appear  in  JIM  -12.  22.  I‘)74;  jiM  JJ, 
l‘C5;  I’loc.  Second  International  Symposium,  .IW'S,  Osaka,  ld7.s.  The  latter  reference  also  includes  papers 
on  problems  .md  improvements  itt  large  heat  input  electroslag  welds. 

The  main  subiects  of  ititerest  to  the  third  department,  as  outlined  by  Mr.  S.  Kusumoto  fall  into  three 
areas.  -Xiea  one  is  strength  of  materials,  vibration  and  noise.  .Area  two  is  rolling  mill  control  and  area  three 
IS  robots  for  welding  aiul  paititing. 

Area  one  includes  the  structural  integrity  of  nuclear  power  plants.  This  involves  a three-way  thrust  at: 

1 . non-linear  stress  analysis  atid  fracture  tnechtinics, 

2.  .\-ray  stress  atialysis  and  fractogrtiphy,  and 

the  creep  fatigue,  stress  corrosion  cracking  and  delayed  hydrogeti  cracking  of  structures. 

Structural  reliability  of  rotating  machinery  involves  similar  concerns,  but  with  greater  emphasis  on  vibra- 
tioti  problems  and  less  on  env iromnetital  effects.  Mie  structures  of  ititerest  are  pipes,  pressure  vessels,  run- 
ners and  castings  for  water  turbines,  coils,  tanks  and  cases  for  transfortners,  elevator  and  home  appliance 
structures. 

A number  of  papers  were  discussed  which  document  the  work  being  done.  Brittle  fracture  characteristics 
of  vvelil  joints  in  60  kg  tmn'  and  80  kg  min'  steel  are  described  in  otie  series  of  articles  by  S.  Sasaki  and 
coauthors  (see  .IW'S  4.^.  2^6.  1976;  JW  s'./4,  24.  1975;  .IW  S-/4,  47,  1975;  JW  S-/-/,  22,  1975).  t he  same  group 
has  published  on  the  effects  of  prestraiti  oti  the  fracture  toughness  of  S.J5C'  steel,  a steel  used  for  mill  roll 
working  table  rollers  (.1 IM  62,  9.J,  1976). 

A whole  series  of  papers  has  been  vvritteti  on  welding  cracking  problems;  "l-ffects  of  Weld  Heat  Impact 
on  Weld  Cracking  atid  Restraint  Stress"  (IIW  Hoc  l\-957-76),  “I  ffects  of  Restraint  Stress  oti  Delayed 
Cracks  in  W elds  of  80  kg  mm’  High-Strength  1 argeCiauge  Plate  Steel"  (IIW  Doc  1\-7.J5-71),  "I'ffects  of 
Restraint  Stress  and  Intensity  of  Restraint  on  Delayed  Cracks  in  the  Welds  of  80  kg  tntn'  High  Strength 
riiick  Plate  Steel"  (IIW  Doc  l\  784-72),  "l.d'fects  of  Restraint  Intensity  on  Delayed  Cracks  in  the  Welds  of 
High-Strength  Steel"  (IIW  Doc  l\  .J46-7,J),  "Detemiitiation  of  Preheating  I emperattire  for  Crack  Preven- 
tion for  High  Strength  Steel  Weld"  (IIW  Doc  l\  875-'’ -f).  and  "Studies  of  Delayed  Crack  in  Welds  of 
High-Stretigth  Steels—  Correlation  for  Method  of  X'arious  W eld  Cracking"  (IIW  Doc  l\  956-76). 

An  eiiuiilly  impressive  series  of  papers  has  been  written  by  H.  Ouchida,  Chief  l itgitieer,  HRI  , with 
several  coauthors  on  the  subject  of  fatigue  in  pWssure  vessel  materials  with  cracks  and  without  cracks  and 
in  the  welded  /ones.  Without  attempting  to  list  all  these  papers,  the  interested  reader  is  referred  to  Bulletin 
JSMI  18  No.  119,  May  1975;  JWS  / 7,  1975;  JSMP /.V  No.  125, Nov.  1 9'5;  JSMI  , / ’ No.  lO.J  Jan,  19"4. 

In  the  nuclear  field  Kutsumoto  anil  others  have  presented  papers  on  inteinal  pressuie  fatigue  ru|vtuie  of 
the  fast  reactor  fuel  cladding  ( I'ype  .104)  and  on  the  effects  of  hvdiogen  content  tempeiatuie  atid  crack 
configiiration  on  fatigue  crack  propagation  and  unstable  fractme  in  /i  2.5Nb  piessuie  tubes.  Both  papers 
were  piesemed  at  the  2nd  Imertiational  Conferetice  on  Structuial  Mechanics  in  Reactoi  leclinologv, 
Berlin,  Pr.C 

X . Nakagavva  and  I',  ranianuira  stuilied  the  effect  of  steel  haidenabihtv  on  the  lesidual  sttesses 
developed  during  heal  Ireaimeni  and  reporled  a significani  effect  (Pioc.  197.1  Svniposiuni  on  Mechanical 
Behavior  of  Materials,  197.1,  Society  of  Material  Science,  Japan). 
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In  >.i'niiiviii>n  wnh  losiJual  siicss  i.lcii'iminiiuonN,  t-liscussion  \viil\  M.  Najiao  on  a wlnto  \ ia\  s>ston\  Un 
incasinink;  rcsiilual  sin-sses  was  inioiosiing.  Claims  l\>i  ilic  sysiom  aii‘  jjoni'ions.  1 hoso  aii’  tin  ilic  lU'ii 
scanning  while  Kuliaiion  machine  as  lotlows: 

1.  Slum  time  exposmes  i>l  V4  nmmies  aie  sni'l'iciem,  Inaccessihle  sin  faces  such  as  at  ihc  loois  of  geais 
can  he  l eacheil. 

2.  All  \aiieiies  of  metals  can  he  meiisureil. 

V High  lempeiaimes  (to  5lH)'’0  are  pennitieil. 

4.  \ ray  fractography  can  he  performeil.  A high  intensity  heam  can  he  geneiaieil  winch  peneiiaies  ii> 
the  depths  of  the  plastic  /ones.  It  is  theiefore  possible  to  siiuh  the  hisiiny  of  a fatigue  crack,  h'okmg 
at  the  fraciiire  sm  faces. 

l or  example  the  luiniher  of  cycles  can  he  determined. 

This  de\elopniein  litis  been  desciihed  in  seieral  pai'eis,  along  with  seieitil  specitil  tipplicaiions.  1 Ins 
deielopmeiit  may  he  important  so  a few  of  the  key  papers  are  listed,  tis  folUiw  s: 

1.  N.  Nagao  and  \',  Weiss  (Syracuse  University),  “V  ray  Oiffiaction  Study  of  1 ow  Cycle  I atigne 
Damage  in  I’lain  Carbon  Steel,"  ASMl-  paper  No.  76-W.-\  Mat- 10. 

2.  II.  Ohnehida,  .X.  Nisliii'ka  and  M.  Nagao,  ‘‘\  lay  Detection  of  l atigne  in  Coiixisiie  I'luironmeiii." 

1 liii  teeiiih  .lapan  Congress  on  Materials  KesearchMetallic  Maieiitils. 

.C  11.  Ohnehida,  1 . Iwasaki  and  M.  Nagtui,  "Si/e  I'ffect  on  1 atigne  of  .Aimetiled  Caihon  Steel  (\  ia\ 
liuesiigaiion  on  the  Detection  of  I tiiigiie  Damage  in  Machine  I’tiris)."  I’loc.  14ih  .lapan  Cinigiess 
on  Materials  Resetirch,  Kyoto,  I l‘f7|, 

4.  M.  Ogasawara,  M.  .Xdaclti,  M.  Nagtu'  and  X'oker  Weiss  (Syrticnse  Uihversiiy),  "Ciack  IniiMtion  at 
Notches  in  1 ow  Cycle  I'tiiigne,"  I’roc.  107.^  Symposinm  on  Mechanical  Hehtivioi  of  Materials, 
.lapan,  Idtd. 

.^.  II.  Ohnehida,  .X.  Nishioka  and  M.  Nagao,  "Si/e  I ffect  on  I'tiiigne  Strength  of  Machined  C'.nhon 
Steel  (\-ray  Detection  of  l aiigne  Damage  in  Machine  l*at  is),"  Hull.  .ISMl'  lt>  No.  ‘M  .Apt . D)7.f . 

h.  M.  Nagao,  S.  Kiisnmoto  and  X’.  Ito,  "Non  destructive  Snh-siirface  Disirihiition  Me.ismenieni  of 
I’hysictil  Qnaniiiies— an  .Application  of  I’oly  chromaiic  \-rtiy  rechniiine,"  Society  of  Mtiteiials 
Science  26  No.  280,  IS,  .lannary  l*f77. 

7.  A lU'tailcd  description  of  the  poKchromtilic  N-rtiy  stress  tmalysis  system  is  piesetiied  in  the  I’toc. 
25th  Sagtimore  Materials  Conference,  l‘)76,  U.S..A. 

The  tour  of  the  1 IRl  revealed  the  usual  erinipmeni  vvhich  has  become  familial  in  toms  of  ti  senes  I'f  steel 
companies,  ship  htiildiiig  companies  atui  electrical  companies.  The  concerns  are  wiih  welding,  fracinre 
(especially  in  large  seetions),  com'sion,  cimosion  I'tiiigne  ci ticking  tiiul  I'tiiigne  citickmg.  I'tikiiig  the  tt'iii  m 
order,  the  follow  ing  were  seen: 

Corrosion  tests  for  the  HXX'R  plant,  l ive  loops  ate  availtihle.  One  loop  tests  SCC'  nndei  vtirions  condi 
lions  of  flow  (0  .V  1 min),  lemperatnre  (to  .fOO  'C)  and  percentage  of  oxygen  in  the  vv.iiei  (0  5h  pi'in) 
Anoihei  loop  tests  for  general  ci'irosion.  Other  loops  mirodnee  variables  such  tis  temiveitiinie,  pH,  the 
|vropimions  of  oxidizing  and  reducing  species,  tind  differenlial  iviessnie.  One  system  tests  foi  genet  til  Ci'i 
rosion  in  high  tempertiinre  wtiier  and  the  effects  ivf  eleciroclieniicti!  potential  on  this  high,  lempeiatnie 
corrosion. 

I he  nsntil  11K)0  ii>n  machine  for  study  of  Unv  cycle  I'tiiigne  was  seen,  bests  aie  being  inn  .it  1 f scale,  .7  5 
c(rm,  lip  to  20  kg  min'.  The  enrrent  tests  are  I'm  water  iinhine  components.  A 28(H)  ton  test  iig  is  used  ir' 
study  delayed  fracture  in  welds,  lamellar  tearing,  hot  ciacking  tiiul  siiess  relief  ciackmg.  1 he  same  iig  tests 
for  defect  influences  tmd  fracture  toughness  in  brittle  fractnie.  A ligul  lesii.iini  weUl  ciacking  lesiei 
measures  the  stresses  developeil  in  weUls;  the  capacitv  is  4(H)  tons. 

Hie  high  lemperatnre  lahortiiory  has  over  140  creep  testing  machines.  Undci  test  tiie  snperalh’vs  .ind 
other  high  lemperalnre  alloys.  One  machine  has  a capacity  of  50  tons  at  .i  lempeiaiine  of  I )8()"C.  Hiis 
machine  is  engtigeil  in  tests  of  Cr-Mo-X'  steels  aiul  sitiinless  steels.  Cieep  ciack  glow ili  type  tests  w iih  liac 
lure  mechanics  type  specimens  are  underway.  I ow  cycle  high  lempeiatnie  tests  ,iie  also  gvvmg  on  I he  m 
teraction  of  static  aiul  dynamic  fatigue  is  a subject  of  cm  tent  study.  1 he  available  eviuii'iueui  can  pt  ovule  a 
variety  of  fatigue  creep  load  configuratiotis.  Tests  can  also  be  conducted  m lu|nul  metals. 

Stress  eorrosioti  tests  of  4 inch  diatiietei  welded  pipe  weie  ilesciibed  1 hese  tests  are  alnu'st  identic.il  to 
tests  going  on  (atuI  describevi  prev ionsly)  at  Ti'shiba  TIeett ic  ( onip.inv  Hasic.illv  the  tubes  cv’iitam  water  .it 
2'>0‘’(’  and  70-75  kg/eiif'  pressure.  XX'elds  of  the  pipes  aie  mtiodncevl.  1 he  pipes  .ne  lestevl  in  lensu'ii  and  in 
4 point  betuling,  and  in  fatigue.  The  material  is  .104  stainless  steel. 

The  general  impression  is  that  H Tl  isattuly  fiist  class  laboiatoi  v , (inlv  a fi.iciion  ot  thc.iciivnv  could 
be  flavored  in  a one  day  visit,  but  enough  could  be  seen  to  confiim  the  excellence  ol  the  oi  gani/.itum  I oi 
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tiinuicly,  there  are  obvious  interactions  with  the  USA  underway,  notably  with  Syracuse  University.  The  in- 
teraction ol  Hitachi  w ith  the  OITiee  of  Naval  Research  is  certainly  worthy  of  increased  emphasis. 


HITACHI  ZOSKN 

(Hitachi  Shipbuilding  and  Engineering  Co.,  Ltd.) 


Hitachi  Zosen  (Hitachi  Shipbuilding  and  Engineering  Company,  Ltd.)  has  grown  since  being  founded  in 
1891,  into  another  giant  Japanese  company,  employing  upward  of  25,(XX)  people.  The  main  products  are 

I)  ships  (pas.senger,  cargo,  ore,  oil,  l.PG,  naval  craft,  hydrofoil  boats),  2)  ship  repair  and  remodeling, 
3)  ocean  development  equipment  (oil  drilling  equipment,  pipe  laying  barges,  etc.),  4)  marine  engines 
(die,sel,  steam  turbines,  boilers,  etc.),  5)  machinery  (steel  rolling  mills,  cranes,  hydraulic  presses,  etc.),  6) 
steel  structures  (bridges,  stacks,  penstocks,  towers,  etc.),  7)  environmental  equipment  (incinerators,  anti- 
air pollution  equipment,  etc.)  and  8)  castings  and  forgings. 

The  Technical  Research  Institute  of  Hitachi  Zosen  was  established  in  1949  and  is  the  “corporate" 
research  laboratory.  The  mission  is  to  improve  conventional  technology  and  product  quality  as  well  as  to 
develop  new  technology  and  new  products.  As  outlined  by  Dr.  Eng.  Shojiro  Okada,  Director  of  the 
Technical  Research  Institute,  50  percent  of  the  effort  is  problem  solving,  25  percent  is  seeking  technical 
alternatives,  20  percent  is  finding  new  markets  using  present  techniques  and  5 percent  is  seeking  new 
markets  through  new  technology. 

There  are  about  280  people  at  the  Technical  Research  Institute  of  whom  about  half  are  professional 
technical  level.  The  budget  runs  at  about  7 million  dollars  per  year  which  is  distributed  among  several 
research  departments.  The  No.  I Department,  headed  by  Dr.  Eng.  Seizou  Watanabe  was  the  only  depart- 
ment visited  because  this  department  conducts  most  of  the  materials  work.  However,  the  Sakai  Depart- 
ment studies  yard  applications  of  welding  techniques.  The  No.  I Department  studies  welding,  coating  and 
painting,  properties  of  industrial  materials,  materials  tests  and  process  metallurgy. 

The  visit  began  with  a presentation  on  the  activities  of  ONR  and  NRl.  in  the  materials  area.  This  was 
followed  with  a Hitachi  Zosen  movie  and  discussion  on  the  welding  and  testing  of  pressure  vessels.  The 
movie  illustrated,  through  unnotched  and  notched  fatigue  tests  on  a 30  ton  welded  pressure  vessel,  that  the 
new  Hitachi  Zosen  electro-slag  welding  process  (HINES  welding  method)  produces  better  welds  of  thick 
plate  than  shielded  arc  welding.  Since  HINES  is  an  automatic  process  the  speed  is  also  much  greater.  The 
development  came  about  following  difficulties  in  welding  80  Kg/mm’  high  tensile  steel.  The  high  heat  in- 
put required  causes  upper  bainite  to  form  and  this  becomes  brittle  on  slow  cooling.  Therefore  manual 
welding  was  formerly  required  to  provide  faster  cooling  rates.  The  HINES  welding  method  quenches  the 
welded  part  by  forced  cooling  immediately  after  eleetroslag  welding,  and  follows  with  an  immediaie 
temper. 

The  ne.xt  discussions  were  on  some  interesting  alloy  development  work  which  has  produced  a series  of 
so-called  HZ  alloys.  A brief  description  of  these  follows: 

1)  CE-1  - a cavitation  and  erosion  resistant  alloy  of  copper,  aluminum  and  berylium  (Cu-8AI-I  Be 
nominal  composition).  The  alloy  may  be  further  hardened  to  give  very  good  wear  resistance.  The  major 
application  is  high  speed  marine  propellors  where  the  cavitation  problem  is  severe.  In  this  respect  the  HZ- 
CE  alloy  is  far  superior  to  Mn-bronze  and  Ni-AI-bronz.c,  according  to  Hitachi  Zosen  test  data.  The  alloy  is 
apparently  commercially  available  and  has  previously  been  tested  by  the  U.S.  Navy  (NAF’l  by  D.  Kallas). 

The  improved  cavitation  resistance  is  attributed  to  the  development  of  a very  fine  beta  phase  and  an 
alpha  phase  which  is  strengthened  by  the  presence  of  berylium.  The  beta  phase  contains  some  K phase. 

2)  CE-3  - this  is  a filler  material  for  inert  gas  welding  (TIG,  MIG)  of  the  CE-1  material.  Weldability  is 
good,  cavitation-erosion  resistance  is  outstanding  and  the  mechanical  properties  are  good.  Corrosion 
resistance  in  a number  of  media  including  saltwater  is  excellent.  Overlay  of  parts  produces  outstanding 
wear  resistance.  For  example,  overlay  on  a nickel-aluminum  bronze  propellor  for  a small  hydrofoil  boat 
resulted  in  spectacular  improvement  in  cavitation  resistance  as  measured  by  weight  loss  and  by  visual  in- 
spection. 

3)  HZ-CM  - a copper  base  alloy  used  for  molds  in  the  continuous  casting  proce,s,s  for  steel.  This  alloy 
contains  nickel  and  silicon.  The  alloy  is  strong  at  high  temperature  and  is  a good  heat  conductor. 
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4)  HZ-CL  - a nickd  base  alloy  (Ni,  15-30  Mo,  1-5  W,  1-4  Cu,  <5  Fe,  <2  Cr,  <2  Co,  0.5  Ti)  with  very 
high  corrosion  resistance  to  FlCl.,  H;S04,  NaOH,  HiP()4,  FIF  and  organic  acids.  In  addition  the  alloy  is 
forgeable,  weldable  and  castable  atid  can  be  drawTi.  The  alloy  is  similar  to  Flastelloy  but  the  weld  FIAZ 
/ones  are  precipitate  free  and  hence  more  corrosion  resistant. 

The  FIZ-CL  alloy  is  also  useful  as  a submerged  arc  weld  wire  for  9 percent  nickel  steels.  The  alloy  Ni, 

15-30  Mo,  1-5  W,  1-4  Cu  has  been  licensed  for  manufacture  by  Nippon  Steel  as  a weld  wire  for  submerged 
arc  welding  of  pressure  vessels,  l.NG  tanks,  etc.  A cooperative  agreement  is  also  being  arranged ‘w  ith 
Chicago  Bridge  and  Iron  Co. 

5)  FIZ-SO  - a lead  base  alloy  resistant  to  H..SO4.  The  addition  of  a small  amount  of  Te  or  Se,  is  the 
means  of  conferring  resistance  greater  than  that  of  pure  lead. 

6)  HZ-PO  - an  alloy  resistant  to  phosphoric  acid  and  generally  useful  in  chemical  plants  where  wet  proc- 
ess mechanical  action  is  involved.  The  alloy  is  compo.sed  of  F'e,  38-40  Ni,  20-23  Cr,  7. 5-8. 5 Mo. 

7)  F1Z-80C  - a low  alloy  steel  used  in  casting  K and  Leg  bracing  for  off-shore  and  undersea  structures  of 
80  Kg/mnv’  steel  (welds  at  regions  of  high  constraint  are  thereby  avoided).  The  composition  of  the  alloy  is 
patented.  As  quenched  and  tempered,  the  steel  is  resistant  to  stress  corrosion  cracking.  At  the  present  time 
research  is  underway  to  develop  a similar  steel  at  the  100  and  130  Kg/mm'  strength  level. 

The  company  is  very  active  in  studies  of  NDE  techniques,  with  emphasis  on  acoustic  and  ultrasonic  , 

monitoring  of  large  pressure  vessels.  A multi-probe  tandem  technique  involving  many  transducers  has  been  | 

developed  for  the  ultrasonic  inspection  of  very  thick  steel  plates.  A prototype  has  been  made  but  there  is  i 

not  commercial  availability. 

Much  of  the  technical  progress  cited  is  described  in  company  brochures,  but  there  are  also  published 
works  in  the  literature  and  in  company  technical  journals.  The  low-temperature  fatigue  behavior  of  weld 
joints  of  9 percent  nickel  steel  is  described,  for  example,  in  IIW  DOC.  .Xlll-649-72.  A study  of  fatigue 
crack  growth  in  9 percent  nickel  steel  plate  appears  in  Engineering  Fracture  Mechanics,  7,  481,  1975.  A 
strain  energy  release  rate  relationship  to  the  increase  in  area  of  a surface  crack  subject  to  fatigue  was 
established. 

A series  of  reports  have  been  issued  on  the  subject  of  pressure  vessels  and  piping.  See  Flitachi  Zosen 
Technical  Reports  FITZR-PVP-1  through  HTZR-PVP-7.  These  reports  deal  with  design,  fatigue  tests, 
fabrication,  quality  a.ssurance,  etc.  One  paper  (HTZ.R-PVP-4)  discusses  the  means  of  preventing 
hydrogen-induced  cracking  of  weldments,  in  terms  of  the  preheat  and  postheat  conditions  required  betore 
cooling  the  weld  metal  to  100'’C. 

Several  recent  papers  in  the  Flitachi  Zosen  Technical  Reviews  are  in  the  materials  area.  One  article  is  on 
the  adaptability  of  calorized  steels  to  hydrogen  sulfide  at  high  temperatures  (37,  No.  1 , 8,  1976).  At  6()0°C 
the  coatings  are  resistant  to  corrosion  in  Fl.S  but  are  very  brittle  and  thermal  shock  resistance  is  poor. 

Coated  welded  joints  are  not  corrosion  resistant. 

In  a latter  issue  {37,  No.  4,  1,  1976)  the  question  of  wear  and  seizing  of  flake  graphite  cast  iron  (as 
cylinder  liners,  piston  rings,  etc.)  is  addressed.  A harder  matrix  improves  seizing  resistatice.  Vanadium  ad- 
ditions also  improve  seizing  resistance  while  copper  and  chromium  improve  wear  resistance  but  deteriorate 
seizure  qualities.  Another  paper  {37,  No.  4,  10,  1976)  discusses  the  effects  of  carbide  precipitation  on  the 
creep  of  18-8  stainless  steel  at  700°C.  The  effects  of  the  precipitation  are  greatest  between  stress  levels 
where  creep  is  controlled  by  stre.ss  and  lower  stress  levels  where  creep  is  controlled  by  metallic  diffusion. 

In  the  same  issue  {37,  No.  4,  33,  1976)  an  automatic  vertical  TIG  welding  method  for  9 percent  nickel 
steel  spherical  tanks  is  described.  The  alloy  HZ-CL  wire  is  used.  Good  welds  are  apparently  achieved  with 
.savings  of  from  50  to  70  percent  in  weld  time  and  weld  cost  compared  to  manual  welding. 

In  summary,  the  Technical  Research  Institute  of  Hitachi  Zosen  appears  to  be  one  more  highly  efficient 
and  practical-minded  Japanese  corporate  laboratory.  A»s  one  visits  a succession  of  such  activities,  the  feel- 
ing grows  that  they  make  a significant  contribution  to  the  health  and  growth  of  the  parent  industry  as  well 
as  to  all  Japan. 
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ISHIKAWAJIMA-HARIMA  HKAVY  INDUSTRIES  CO..  LTD. 


I The  Ishikawajinia-Harinia  Heavy  Industries  Co.  Research  Institute  is  composed  of  the  Research  In- 

stitute in  Tokyo  and  the  Welding  Research  Institute  in  Yokohama.  On  this  occasion  only  the  Tokyo  In- 
stitute was  visited,  but  a delegation  from  the  Welding  Research  Institute  was  present  for  the  discussions. 

The  IHl  Company  is  so  large  and  so  diverse  that  a description  of  its  activities  in  any  detail  is  impossible 
in  this  brief  account.  IHl  supplies  a range  of  products  to  industries  on  land,  sea  and  in  the  air.  On  the  land, 
machinery  and  entire  platits  for  such  basic  industries  as  steel,  electric  power,  chemicals,  material  handling 
and  construction  are  supplied.  For  the  water,  ships  of  every  type  are  built  including  the  world’s  largest 
tankers.  The  company  also  builds  jet  aircraft  engines.  In  percentage  of  sales,  land  machinery  plants  pro- 
vide 56  percent,  ships  38  percent  and  jet  engines  6 percent.  Products  and  services  are  exported  to  80  coun- 
tries around  the  world.  For  example  IHl  has  constructed  three  blast  furnances  (capacity  2.4  million  tons 
annually)  in  Ipatinga,  Brazil. 

The  Research  Institute  serves  these  extensive  business  activities  with  a variety  of  basic  and  applied 
re.search  efforts.  The  work  is  carried  out  in  a number  of  departments.  These  were  described  by  Dr.  T. 
Maeda,  Associate  Director  of  the  Institute,  as  follows; 

I 1)  Fundamental  Technology  Department  - physics  of  solids;  non-destructive  testing;  chemical  proc- 

} esses;  catalysts  and  catalytic  reactions;  applied  microbiology. 

< 2)  Structures  and  Strength  Department  - structural  analyses;  structural  vibration;  anti-fatigue  design; 

! earthquake-proof  design;  fracture  mechanics;  structures;  cryogenic  materials. 

] 3)  Machinery  Department  - machine  elements  (bearings,  seals,  gears);  friction  and  wear;  plastic  working 

j of  metals;  forming  of  plastics;  vibration. 

4)  Fluid  and  Heat  Department  - fluid  dynamics;  compressors;  turbines;  rocket  engines;  diesel  engines; 

' heat  transfer  and  heat  exchangers. 

5)  Turbomachinery  Department  - centrifugal  compressors;  fans;  blowers;  superchargers;  freezers  and 
air  conditioners;  radial  turbines;  gas  turbines;  steam  turbines;  helium  turbines;  organic  compound  gas  tur- 
bines. 

6)  Metallurgy  Department  - science  of  metallic  materials;  advanced  casting;  heal  treatment;  strength; 
toughness;  fatigue  (cryogenic  through  refractory  temperatures);  marine  service  materials;  metallurgical 
refining  processes. 

7)  Chemistry  Department  - analytical  instruments;  oils  and  fuels;  lubricants;  paints;  corrosion;  organic 
materials. 

8)  Measurement  Science  Group  - measurement  and  statistical  evaluation  of  torces;  stress  analysis; 
phoioelastic  studies;  vibration  analysis. 

9)  Nuclear  Power  Technology  Department  - components  for  nuclear  reactor  systems  (especially  liquid 
Na-cooled  fast  breeder  reactor  and  high  temperature  gas  cooled  reactor);  He  technology;  Na  technology; 

. materials  for  nuclear  power  components. 

10)  Ship  Performance  Department  - ship  resistance;  ship  propulsion;  manueverability;  seakeeping;  hull 
vibration;  propellor  cavitation;  hydrographical/hydraulic  studies  (marine  structures,  dams,  water  gales, 
buoys,  etc.). 

11)  Ship  Propulsion  Department  - ship  model  experiments  (resistance,  self-propulsion  and  propellor 
open  water  tests,  wake  and  wave  analysis);  ship  models  and  propellor  models;  prediction  of  propulsive  per- 
formance. 

12)  Ship  Strength  Department  - hull  structural  analysis;  hull  vibration  analysis;  design  optimization; 
hull  reliability;  wave  load. 

13)  Chemical  Equipment  Department  - pilot  plant  studies  of  chemical  industry  processes;  desulfuriza- 
tion and  denitrogenation  of  exhaust  gases;  desalinizaiion  of  seaw  ater;  waste  utilization. 


The  Welding  Researeh  Insdiute,  described  by  Mr.  H.  Okabayashi,  Manager,  performs  welding  informa- 
tion service  and  studies  welded  structures,  welding  mechanics,  welding  design,  welding  metallurgy  and 
welding  technology  (common  materials  and  special  alloys).  Other  activities  are  the  development  of  high- 
speed welding,  automatic  welding  and  testing  and  inspection  of  welds. 

The  specific  groups  contacted  on  this  visit  were  the  Structure  and  Strength  Department  and  the 
Metallurgy  Department  of  the  Research  Institute,  as  well  as  the  delegation  from  the  Welding  Research  In- 
stitute. Informal  contact  was  also  made  with  persons  from  other  Departments  who  attended  the  lecture  on 
ONR  activities  w hich  was  given  in  the  afternoon. 

Dr.  M.  Tukagawa  discussed  work  on  grain  boundary  embrittlement  due  to  precipitation  of  .MN  in  high 
strength  (80  Kg/mm’)  steels.  Fukagawa  and  his  colleagues  conclude  that  once  .MN  or  tiiobium  carbonitride 
precipitates  in  the  austenitic  range  steels  became  embrittled,  and  it  is  almost  impossible  to  recover  their 
ductility  by  subsequent  heat  treatment.  Therefore  production  of  .AIN  or  Nb-bearing  steels  should  iitili/e 
procedures  designed  to  impede  the  undesired  precipitation  while  cooling  through  the  austenitic  region  (see 
Trans  Iron  and  Steel  Institute  of  Japan  Suppl.  Trans,  vol.  II  1971). 

One  of  the  very  active  younger  members  of  the  Re.search  Institute,  Nobu  lino,  described  some  work  on 
fatigue  and  fracture.  One  paper  suggests  that  the  concept  of  COD  (crack  opening  displacement)  is  a quan- 
titative criterion  for  the  onset  of  brittle  fracture  in  large  steel  structurt^s  (MW  Doc  \-628-71).  lino  and 
others  presented  a paper  at  the  recent  International  Conference  on  Fracture  Mechanics  and  Technology  in 
Hong  Kong,  March  1977,  entitled  “A  Generalized  Strip  Yield  Model  Applied  to  Fracture  Initiation 
Studies.”  The  effects  of  plastic  constraint  and  multi-axiality  of  stress  state  in  relation  to  the  COD  concept 
and  fracture  initiation  were  considered.  A strip  yield  ntodel,  proposed  originally  by  B.,\.  Hilly,  was 
modified  to  encompass  the  multi-axial  state  of  stress  and  combined  mode  loading  (cracks  at  an  angle  to  the 
direction  of  stress  were  treated). 

.Along  similar  lines,  lino  has  di.scussed  fatigue  crack  growth  in  a structural  member  subjected  to  com- 
bined tensile  and  bending  stress  (Int.  Jr.  of  Fracture  II  p.  685,  1975).  The  results  showed  that  the  mean 
stress  has  effects  on  the  fatigue  crack  grow  th  rate  and  growth.  The  grow  th  rale  can  be  expressed  as, 

(K.„as)"’(AK)'' 

The  results  were  applied  to  implications  of  combined  bending  and  tensile  sires.ses  on  the  leak  before  fail 
concept. 

A paper  entitled  “Effect  of  Angular  Distortion  on  Fatigue  Strength  of  Transverse  Butt  VS’elds  in  High 
Strength  Steels”  was  prepared  by  lino,  in  collaboration  with  well-know  n Profe.ssor  K.  lida  of  University  of 
Tokyo,  for  presentation  at  Commission  Xlll  of  IIW'  in  Copenhagen,  1977.  The  advantages  to  fatigue  lij'e 
of  overstressing  angularly  distorted  butt  welds  was  discussed.  Another  paper  by  lino,  intended  also  for  the 
1977  Copenhagen  Conference  is  entitled  “Fracture  Toughness  Testing  Using  Precompression  Induced 
Crack.”  A precompressed  machined  notch  was  found  to  give  about  the  same  fracture  toughness  value  as  a 
fatigue  crack.  The  procedure  is  first  to  apply  a compressive  bending  load,  then  a tensile  load  in  bending  at 
liquid  nitrogen  tcmpcrature(-196°C).  The  tension  cycle  initiates  a sharp  precrack. 

Mr.  H.  Okabayashi  of  the  Welding  Institute  discussed  research  activities  in  which  he  and  his  colleagues 
have  been  involved.  One  concern  has  been  stress  relief  cracking  in  heat  attecied  zones,  e.s[X'cially  o(  low 
alloy  steels  (IIW  Doc  llX-.\-5.Jl-69  and  Trans.  Japan  Welding  Soc.  Vol.  1.  No.  2,  1970).  The  cracking 
problem  is  related  to  fine  intergianulur  precipitates  which  lead  to  stress  concentration  at  three-grain  junc- 
tions. The  effects  of  pre-  and  post-heating  on  weld  cracking  has  also  been  studied  (Trans  Japan  \5  eldmg 
Society  Vol.  5,  No.  2,  1974). 

The  effects  of  hydrogen  and  carbon  on  fracture  toughness  of  low  alloy  steels  has  also  been  considered  by 
Okabayashi  and  others.  Noting  first  that  linear  elastic  fracture  mechanics  may  be  applied  to  hydrogen- 
induced  cracking  evaluations,  an  expression  is  developed  which  relates  fracture  toughness  to  temperature: 
Gij.  = Go  exp  T/To,  where  G^.  is  the  fracture  toughness  and  G^  and  Tj,  are  material  constants.  G^,  is 
affected  by  the  carbon  content,  but  not  structure.  T,,  depends  on  the  structure,  such  as  grain  size. 

An  interesting  experiment  was  described.  A fracture  toughness  test  shows  reduced  toughness  it  the 
hydrogen  charged  specimen  is  pre-loaded  first  at  room  temperature  before  fracturing  at  -I96°C'.  This  sup- 
ports the  concept  that  hydrogen  diffuses  to  regions  of  stress  concentration,  causing  the  reduced  Iracture 
toughness.  This  work  was  followed  up  with  further  studies  of  delayed  fracture  of  steels  at  room  iynd  low 
temperature.  Activation  energies  were  obtained  to  account  for  incubation  times  at  various  temperatures 
for  HT-80  steel. 

The  work  on  delayed  failure  may  be  seen  in  IIW  Doc.  No.  lX-796-72;  Broc.  ol  Conlerence  on 
Mechanical  Behavior,  Kyoto,  published  in  197.1;  Engineering  Fracture  Mechanics,  vol.  7,  p.  541,  1975. 
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The  mechanisms  of  heat  affected  zone  cracking  under  weld  overlay  cladding  were  discussed  in  Trans 
ASME  Vol.  98,  p.  348,  1976.  The  causes  of  this  cracking  and  suggestions  for  prevention  are  presented. 

’ A tour  of  the  Research  Institute  revealed  much  activity  with  respect  to  problems  of  corrosion  and  SCC 

of  the  BWR  reactor  (IHl  is  cooperating  with  Hitachi  and  Toshiba  and  General  Electric  Company).  There 
are  for  example  test  loops  with  control  over  pH,  dissolved  oxygen,  temperature,  pressure  and  electrical 
conductivity.  Flow  rates  to  60  liter  per  hour,  maximum  pressure  to  100  Kg/cm^  and  maximum  temperature 
I to  400°  are  important  features.  There  are  also  tests  of  pipe  (4  inch  diameter)  of  308  ULC  steel  in  mock  up 

' of  reactor  conditions.  The  steel  is  very  low  in  carbon  concentration 

There  are  of  course  numerous  creep  and  creep  rupture  tests  also  under  way.  Some  of  these  tests  apply  to 
the  high  temperature  gas-cooled  reactor.  The  effects  of  impurities  such  as  hydrocarbons,  hydrogen  and 
I oxygen  on  the  high-temperature  properties  of  Inconel  617  are  under  study,  for  example.  The  findings  have 

I _ been  that  at  the  temperatures  of  800-1000°C,  which  are  of  interest,  the  superalloy  is  decarburized.  The  in- 

[ ' vestigators  are  now  studying  the  possibility  for  preventing  this  by  adding  methane  to  the  helium. 

I Studies  were  also  observed  on  the  effects  of  environment  on  creep  and  fatigue,  with  the  variable  of 

temperature  and  hold-time  of  interest. 

The  usual  massive  machines  for  tests  of  fatigue  and  brittle  fracture  of  ship  and  massive  land  structures 
were  also  seen.  It  was  pointed  out  that  Japan  with  its  involvement  in  massive  ships  and  structures  favors 
these  massive  tests  as  being  perhaps  more  predictive,  but  that  the  trend  in  the  United  States  is  to  “go 
small.”  Of  course,  small  tests  are  much  to  be  preferred  if  they  do  predict  service  performance,  so  perhaps  a 
measure  of  confidence  in  technical  capabilities  as  well  as  a taste  for  gambling  is  involved. 

A system  for  nitriding  with  ionized  nitrogen  was  observed.  This  has  been  a development  of  IHl  which  is 
. now  available  commercially. 

A computer-controlled  electron  probe  microanalyzer  was  also  seen  (JEOL  JXA-50A)  which  can  analyze 
for  carbon. 

In  summary,  there  is  no  question  that  IHI  is  highly  advanced  in  the  heavy  industry  area.  The  Research 
Institute  and  the  Welding  Research  Institute  both  seem  to  be  contributing  to  this  strong  position. 
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KAWASAKI  HKAVV  INDHSTRIKS,  I.Tl). 


Kawasaki  Heavy  liulusirics  is  one  of  Japan’s  largest  eoinpanies  with  over  JJ.tXK)  employees.  There  is  a 
large  array  of  products  including  ships,  rolling  stock,  aircraft,  machinery,  industrial  plants,  steel  structures 
and  motorcycles.  Kawasaki  Steel  Corporation  is  the  world's  seventh  largest  steel  manufacturer.  The  opera- 
tions of  the  company  are  world-wide  atid  truly  ititernatiotial  in  scope,  with  a host  of  licetisees  attd  licensors. 

.■\t  the  Kawasaki  head  office  iti  Kobe  both  a Techtiology  Division  and  a Development  Division  have  been 
established  to  promote  research  and  development  of  new  techtiology  and  products.  Reporting  to  the  Presi- 
dent through  these  divisions  is  a Technical  Institute  located  for  the  most  part  in  .Akashi  City,  Hyogo 
Prefecture.  The  Technical  Institute  is  the  heart  of  company  research  activity  and  it  is  favored  w ith  the  most 
advanced  equipment  and  well-trained  researchers.  The  organization  thus  establishes  a centralized  control 
of  technical  information  which  serves  all  the  operating  and  business  divisions  including  eighteen  “Works” 
throughout  Japan.  The  research  and  development  efforts  cover  such  basic  studies  as  strength,  materials, 
welding,  pollution  control,  utilization  of  resources,  auioniaiion,  cost  reduction  and  labor  utilization  as 
w ell  as  such  large-scale  projects  as  ocean  development  and  atomic  energy  as  a pow  er  source. 

The  organization  of  the  Technical  Institute  was  reviewed  by  host  Dr.  K.  Terai  although  only  the  Welding 
Research  l aboratory  at  Kobe  and  the  Kawasaki  Works  at  Harima  were  visited  on-site.  .\  brief  description 
of  the  more  materials-related  groups  (laboratories)  w ithin  the  Technical  Ittstitute  follow  s: 

1)  Tluid  Dynatnics  Research  Laboratory  - hydrodynamics  of  ships,  ship  propellors,  ocean  structures, 
wave  motioti  etc.  .Mso  similar  studies  on  turbomachinery  such  as  steam  turbines,  gas  turbities,  blowers, 
compressors,  etc.  Wind-tunnel  studies  at  both  subsotiic  and  supersotiic  speeds. 

2)  Strength  Research  Laboratory  - A stress  analysis  sectioti  studies  stresses  in  ships,  prime  movers,  in- 
dustrial machinery  etc.  Patigue  data  are  obtained  to  show  effects  of  fabrication,  surface  hardettittg, 
welding,  size,  press  fitting,  corrosioti,  and  temperature. 

3)  Materials  Research  Laboratory  - fundatnental  studies  relating  metal  properties  and  structure  to  proc- 
esses such  as  heat  treating,  casting  and  forgittg.  Ion  nitriding  is  of  currettt  ititerest. 

4)  Physical  attd  Chemical  Research  Laboratory  - applied  chemistry  and  applied  physics.  Studies  of 
polhition,  ND^  removal,  nott-polluting  combustion  systems  for  heavy  oil,  insulatitig  tnaterials  for  1 NCi 
tanks,  coatittg  systems,  solar  collectittg  systems,  physical  properties  of  composite  tnaterials. 

5)  Welditig  Research  Laboratory  - developmetit  of  UB  welditig  processes.  Development  of  practical 
means  to  weld  spherical  LNG  carrier  tanks,  boilers,  pressure  vessels,  offshore  structures,  nuclear  vessels. 
Pvaluations  of  weldability  of  tnaterials,  welditig  mechatiics,  metallurgical  mechanics,  fracture  mechatiics 
testing  and  analy.ses  of  large  welded  structures. 

6)  Ciifu  Laboratory  - research  atid  developtnetit  oti  aircraft  products  of  the  .Aircraft  Manufacturing 
Division  in  the  Gifu  Works.  Studies  of  aerodytiamics  and  noise.  Design  factors  for  vvitigs,  high  liftitig 
devices,  fuselages.  .Applicatiotis  of  technology  to  advanced  aircraft.  Structural  atialyses  for  wing-body 
applications. 

The  visit  to  the  Harima  Works  was  for  the  purpose  of  observ  ing  the  welding  atid  general  construction  of 
the  large  spherical  1 NG  tanks  which  arc  made  of  alumituim.  The  operatitig  temperature  is  -162 '’C'  so  that  a 
material  inherently  resistant  to  low -temperature  eijibrittlemetit  is  required.  .Alternate  materials  are  the 
nickel  steels,  but  Kawasaki  has  opted  for  aluminum  ittid  appears  to  have  mastered  the  technology  to  the  ex- 
tent that  several  orders  for  large  I NG  carriers  have  beeti  received.  The  economic  slowdown  slowed  the  rate 
of  production  but  a tiice  technical  lead  is  etijoyed. 

The  tanks  arc  made  of  508.3  alutninum  alloy  with  207  tnnt  maximum  thickticss.  The  weld  process  is  MIG 
involving  a large  current  of  800-1(KX>  amperes.  The  cotistruction  itivolves  a subassembly,  maiti  assembly 
and  a fitial  assembly.  C urrent  productiott  is  one  tank  a tnonth.  The  tatiks  are  quite  etiormous  (capacity  37 
I(X)  m').  Finished  tanks  arc  lifted  from  the  quay  by  an  enormous  floating  cratie  for  installation  in  the  ship. 
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All  wolds  of  ihe  aluminum  l.NG  tanks  are  inspected  by  radiography  and  dye  penetrant.  Also  all  horizon- 
tal welds  are  inspected  ultrasonically.  Thirty  percent  of  the  vertical  welds  are  inspected  by  ultrasonic 
technimies. 

l-ollowing  the  visit  to  the  Harima  Works,  a movie  showing  the  e.xtensive  activities  of  the  company  was 
enjoyed  at  the  Welding  Research  Laboratory  in  Kobe.  Dr.  Terai  then  summarized  some  of  the  current  ac- 
tivities of  the  Welding  laboratory.  These  activities  currently  emphasize  electron  beam  welding;  prevention 
of  distortion  in  steel,  aluminum  and  stainless  steel  caused  by  welding;  and  the  technology  of  submarines 
and  submersible  vessels  as  related  to  fabrication  and  welding.  Recent,  current  or  planned  research  projects 
are  on  EBW;  diffusion  bonding;  one-side  automatic  welding;  large  current  MIG  welding;  underwater 
welding;  welding  of  high  strength  steels;  welding  of  steels  for  low  temperature  service;  welding  of  steels  for 
high  temperature  service  (stainless  steel.  Inconel,  etc.);  welding  of  heavy  section  aluminum  alloys;  welding 
of  titanium  alloys;  cold  cracking  as  monitored  by  RRC,  TRC  and  Implant  tests;  problems  of  hot  cracking 
as  monitored  by  the  RRC  and  TRC  tests);  problems  of  weld  stress  and  strains;  prevention  of  weld  defor- 
mation or  distortion  in  rolling  stock  and  ships;  weld  brittle  fracture,  fatigue  and  corrosion  resistance;  com- 
puterization of  weld  techniques;  welding  of  special  structures  such  as  submarines  and  l.PG,  LEG  and  LNG 
tanks. 

Dr.  Terai  who  manages  the  Welding  Research  Laboratory  is  most  enthusiastic  about  the  potential  of 
EBW.  Some  of  the  attractive  characteristics  he  summarized  are  listed  below; 

1)  EBW  welds  produce  less  than  one  tenth  the  distortion  of  arc  welding 

2)  Dissimiliar  metals  can  be  welded  (arc  welding  is  restricted  to  steel) 

3)  EBW  requires  low  heat  input 

4)  EBW  produces  less  contamination 

5)  EBW  welds  are  completed  in  one  pass 

The  current  emphasis  is  on  applying  EBW  to  large  structures.  This  can  be  done  by  providing  either  a 
very  large  vacuum  chamber  or  by  providing  a mobile  localized  vacuum  chamber.  These  developments 
would  be  useful  for  boiler  construction  and  are  in  part  supported  by  the  Ministry  of  Trade  and  Industry. 
Some  of  the  results  are  described  in  Iron  Age,  March  24,  1975.  One  pass  aluminum  welds  up  to  360  mm 
thick  have  been  made. 

At  the  present  time  Terai  and  his  group  are  trying  to  apply  EBW  to  submarines,  in  particular  to  the 
welding  of  steels  up  to  the  HY  1 10  and  HY  130  class  (NS46,  NS63,  NS80  and  NS90)  in  pressure  hulls.  At 
present  HYI30  (NS90)  steel  is  limited  to  TIG  welding,  and  as  strength  is  increa.sed  from  the  HY  90  to  the 
HY  1 10  (NS80)  class,  arc  welding  is  no  longer  satisfactory.  Japan  has  compromised  on  the  HY  1 10  steel 
(NS80)  for  its  DSRV  but  future  vehicles  may  require  the  HY  130  type  steel.  Terai  would  explore  the  distor- 
tion, NDT  and  computer  simulation  of  weld  parameters  as  well  as  brittleness  problems.  There  exists  a 
closed  committee  between  the  Japan  Defense  Agency,  Nippon  Steel  and  Kawasaki  Heavy  Industries,  and 
Terai  would  like  to  increase  cooperative  research  efforts  with  the  United  States,  notably  with  Professor 
Masubuchi’s  group  at  MIT. 

The  development  of  EBW'  could  eventually  be  useful  in  welding  thick  section  high-strength  steel.  A 1.6 
MV  EBW'  machine  for  use  in  air  has  been  a.s.seinbled  at  Kawa.saki.  Attempts  are  being  made  to  weld  steel  50 
mm  thick.  The  power  required  and  the  massiv  e equipment  peeded  are  ol  course  serious  drawbacks. 

Dr.  S.  Matsui  described  some  research  on  the  prevention  of  distortion  on  welded  thin  plate  for  rolling 
stock  and  ships  plate.  Pre.sent  practice  is  to  straighten  with  the  judicious  application  of  a torch,  an  expen- 
sive and  skilled  operation.  The  W elding  Research  Laboratory  has  determined  that  applications  of  heat  and 
tension  before  welding  can  effectively  eliminate  the  undesirable  distortion.  Thus  plates  are  stretched  while 
heated  at  i00°C. 

It  is  of  interest  that  submarines  in  Japan  are  to  be  made  of  NS80  (HY  1 10).  Kawasaki  Heavy  Industries 
and  Mitsubishi  Heavy  Industries  are  the  only  firms  w ith  the  required  capability  to  produce  submarines. 

A volume  of  "Welding  Progress  in  Japan  1974”  has  appeared,  following  an  earlier  volume  in  1972.  Ap- 
parently this  second  volume  is  also  published  by  the  Sanpo  Inc.,  10-17,  1-chome,  Hamamaisu-cho, 
Minato-ku,  Tokyo  (107),  Japan.  Dr.  Terai  is  author  or  co-author  of  every  paper  except  one  (by  Professor 
1.  Masumoto  of  Nagoya  University)  so  that  a marvelous  review  of  welding  in  Japan  and  at  KHI  in  par- 
ticular, is  available.  As  expected,  the  issue  deals  heavily  w ith  EBW.  No  mention  is  made  of  laser  w elding. 

In  summary,  Kawasaki  Heavy  Industries  is  an  international  corporation  with  a strong  research  activity. 
This  is  seen  particularly  in  its  leadership  in  welding.  By  following  the  work  of  this  organization  and  by  in- 
teraction and  exchanges  of  information  with  its  technical  people,  much  can  be  learned. 
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WliiU-  speaking  wiih  Prol'essoi  1.  Masumou'  ol  Nagoya  linnorsity  on  1 March,  ihc  wiiici  hail  ilic  gooii 
tomino  to  he  iniioihiceii  lo  Mr.  \ ukio  Mori.  Manager  ol  V\  ekiing  ol  the  i irst  Research  1 ahoraion  ol  ihe 
i’roiluction  ^•ngineering  Research  1 ahoraiory  of  Komatsu.  1 til.  Komatsu.  I tii.  manulactuies  a \ariei\  ol 
coitstuiction  anil  earth-mining  ei)nipment.  .Vn  imitation  Irotn  Mr.  Mori  to  lisit  was  reailili  accepteil. 

.■\t  the  Proiluction  Engineering  Research  I ahotatory  (IM  Rl  ) iliscussions  were  helil  nith  Mr.  Mon  anil 
with  Mr.  Masao  Kikuchi.  the  Manager  of  the  I irst  Oiiision  of  IM  Rl  . By  training.  Mr.  Mori  is  a weliting 
engineet  while  Mr.  Kikuchi  is  a tnetallurgist  anil  foumlry  engineer.  \ metallurgist.  Mr.  I aguchi.  is  Cieneral 

Matiager  of  I’l  RI  . , ■ • i 

Approvimately  SO  men  are  employeii  by  Pl  Rl  . which  was  establishcii  itt  W'5.  f>ne  ilmsiott  is  concerneil 
with  management  methoiis.  one  with  mechatiical.  assembly  anil  itispection  methoils  anil  the  last  (I  irst 
Disision)  with  research  fotiiuiry.  weliling  tiiui  heat  treat metit. 

Ihe  welil  shop  is  ileielopitig  electroti  beam  weliling.  fiiction  welilittg.  automatically  controlleil  welihng. 
anil  arc  weliling.  The  NOE  ami  inspection  of  welils  are  also  of  intetest. 

In  the  casting  aiea  there  is  an  effort  to  ileielop  boroti  steel  castings.  Such  castittgs.  attet  water  nuettch 

ing,  are  claitneil  to  base  high  shock  resistatice.  , . 

Vhere  are  also  efforts  to  lies  elop  steel  castings  usable  in  the  as-cast  comlition.  1 he  > ieKI  strength  is  raiseil 
by  aililitions  of  sanailinm  anil  theleselsol  carbon  ami  manganese  are  changcil. 

In  the  case  of  alutnituim  alloys  there  are  efforts  to  ileselop  pressure-cast,  hcasy-sectioti.  hsilraulic  puttip 
gear  cases  of  alumitnim.  The  pressure  casting  is  a means  to  increase  the  strength. 

Vhe  sisit  conchiileil  with  a lour  of  the  manufacturing  facilities.  It  was  interesting  to  see  the  applications 
of  weliling  ami  to  obsene  the  massive  earth  moving  enuipmeni  being  assembleil.  Hie  buililing  ot  these 
massive  inachines.  some  of  which  operate  uniler  water  ami  are  conliolleil  lemoielv.  involves  almost  everv 
metallurgical  specialty  in  the  fabrication,  weliling.  casting,  forging,  heal  treating  ami  machining  aieas. 


MITSUBISHI  HEAVY  INDUSTRIES.  LTD. 
SHIPYARD  AND  ENGINE  WORKS  - KOBE 


I ' A visit  to  the  Kobe  Shipyard  and  Engine  Works  of  Mitsubishi  Heavy  Industries  was  arranged  during  a 

, visit  to  the  Takasago  Technical  Institute  of  the  same  company.  The  Kobe  Shipyard  and  Engine  Works  is 

I active  in  shipbuilding,  ship  repair,  diesel  engines,  steel  structures,  boilers,  nuclear  power  plants,  en- 

I vironmental  and  .sanitation  equipment  and  materials  handling  equipment.  A few  highlights  of  these  ac- 

tivities follow: 

! 1)  Ship  Division  - This  division  is  very  modern  with  respect  to  layout  and  control.  An  electro-print 

t marking  system  has  been  developed  at  MHl  which,  from  drawings,  programs  automatically  the  marking  of 

ship  plate  for  cutting.  There  are  also  numerical  control  drafting  machines  and  cutting  machines.  This  divi- 
sion also  boasts  remote  con;-  ol  b -nding  machines  for  steel  plate,  various  types  of  automatic  welding  equip- 
ment and  the  largest  sh'p  repair  facilities  in  Japan.  This  division  builds  mostly  commercial  ships,  but  also 
makes  small  submarines  and  other  submersibles  primarily  for  the  Japanese  Defense  Agency.  The  ship 
repair  work  includes  major  conversions  and  alterations,  enlargements  and  general  modernization. 

; 2)  Machinery  Division  - This  is  an  extremely  well-equipped  and  large  activity.  Current  emphasis  is  on 

machinery  for  nuclear  power  plants  and  boilers.  Pressure  vessels  are  constructed  from  thick  steel  plates  (up 
to4(X)mm  thick)  which  are  bent  and  welded  to  form. 

i 3)  Nuclear  energy  - Through  technical  agreements  with  the  USA  (Westinghouse)  the  company  is 

manufacturing  PW'R  type  nuclear  power  plants,  including  the  reactor  vessels,  steam  generators, 
pressurizers,  pressure  vessels  and  related  machinery. 

4)  Prime  movers  - The  company  manufactures  a variety  of  boilers  including  high-temperature,  high- 

! ^ pressure,  large-capacity  boilers  for  utility  companies.  MHl  built  the  3180  ton/ hr  (evaporating  capacity) 

super-critical-pressure  boiler  for  Tokyo  Electric  Power  Company’s  1000  MW  plant.  This  is  the  largest 
boiler  in  Japan 

5)  Diesel  engines  - Kobe  Works  manufactures  many  diesel  engines,  ranging  in  size  from  175  HP  to  3(>000 
HP.  The  capacity  is  up  to  48000  HP,  12-cylinder  marine  diesel  engines. 

6)  Environmental  equipment  - The  company  manufactures  a variety  of  plants  to  purify  water  and  air, 
precipitate  or  otherwise  remove  particulates  or  undesired  liquids  and  gases,  and  treat  wastes.  Japan  is  ex- 
tremely concerned  about  the  threats  of  pollution  which  the  heavy  industrialization  has  brought. 

7)  Rocketing  and  oceanography  - The  company  interfaces  with  research  in  these  areas  by  manufacturing 
test  facilities  and  equipment.  For  example  the  company  builds  rocket  launch  facilities  and  wind  tunnels. 

I They  also  make  high  pres.sure  facilities  and  equipment  for  ocean  and  waste  water  distribution  studies. 

8)  Materials  handling  - This  includes  equipment  for  stacking  crates,  boxes,  pallets,  etc.  automatically 
and  under  computer  control. 

j 9)  Steel  structures  - The  company  makes  and  builds  towers,  frames,  bridges,  pipelines,  penstocks  and 

t gas  storage  towers.  The  engineering  for  all  of  these  including  the  construction  of  complete  plants  is  also 


provided. 

10)  Undersea  habitat  - There  is  a tremendous  interest  in  Japan  in  the  development  of  the  means  for  ex- 
ploiting ocean  resources.  Under  sponsorship  of  the  Science  and  Technology  Agency,  MHl  has  built  an 
undersea  “habitat”  for  use  by  Japanese  aquanauts.  The  chamber  has  been  operated  successfully  at  depths 
to  100  meters. 
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MITSUBISHI  HEAVY  INDUSTRIES  TAKASACO  TECHNICAL  INSTITUTE 


Mitsubishi  Heavy  Industries  is  so  large  and  so  diverse  that  it  is  difficult  to  give  even  a superficial  review 
of  its  activities.  There  are  plants  at  Nagasaki,  Kobe,  Yokohama,  Hiroshima,  Takasago,  Sagamihara, 
Nagoya,  Mihara,  Kyoto,  Akaski,  to  name  the  major  areas.  Technical  Institutes  are  operated  at  Nagasaki, 
Hiroshima  and  Takasago.  All  of  the.se  institutes  were  visited,  with  the  visit  to  the  Takasago  Institute 
reported  here. 

The  Technical  Institutes  of  course  support  and  strengthen  the  technical  interests  of  the  company.  The 
main  products  are  as  follows: 

1 ) Shipbuilding  and  steel  structures  - ship  building  and  repairs,  steel  bridges,  towers  and  offshore  struc- 
tures including  ocean  exploitation  equipment. 

2)  Power  systems  - boilers,  steam  and  gas  turbines,  diesel  engines,  water  turbines,  nuclear  power  plants, 
pumps,  marine  machinery. 

3)  Machinery  - chemical  plants,  railroad  stock,  automatic  material  handling  equipment,  new  transpor- 
tation systems,  textile  and  paper  machinery,  cast  and  forged  products,  steel  making  machinery,  cement 
making  machinery,  construction  machinery. 

4)  Aircraft  - aircraft,  aircraft  engines,  space  systems  equipment,  missiles 

5)  Refrigeration  and  air-conditioning  machinery 

6)  Precision  machinery  - machine  tools,  transmission  equipment,  hydraulic  equipment,  industrial 
robots. 

7)  Agricultural  machinery  and  special  vehicles. 

The  Takasago  Technical  Institute  (TTl)  was  formally  established  in  Takasago  in  the  early  1970’s 
although  various  elements  of  the  organization  had  previously  been  active  in  research  for  many  years.  For 
example,  research  groups  were  active  at  the  Kobe  shipyard  prior  to  and  particularly  during  World  War  II. 
The  Tokai  Laboratory  in  Ibaragi  Prefecture  was  added  to  the  Takasago  Institute  in  1972  for  studies  con- 
nected with  atomic  power  problems  such  as  radiation  embrittlement  and  fuel  enrichment. 

At  the  present  time,  according  to  the  Manager  of  the  Materials  Research  Laboratory  of  TTI,  Dr.  H. 
Suskida,  there  are  about  450  people  employed  at  TTl,  which  incidentally  is  also  the  technical  headquarters 
of  the  company  (the  company  head  office  is  in  Tokyo).  The  technical  activities  at  Takasago  are  about  50 
percent  devoted  to  nuclear  power  interests  (fast  breeder  reactor  technology,  turbines,  etc.),  30  percent  to 
prime  mover  equipment  (gas,  steam  and  water  turbines)  and  20  percent  to  “fundamental”  research 
(welding,  chemistry,  etc.). 

A tour  of  the  institute  included  the  structures  laboratory,  anechoic  laboratory,  materials  laboratory, 
metallurgical  laboratory,  chemical  laboratory,  combustion  laboratory  and  welding  laboratory.  The  struc- 
tures laboratory  features  an  interesting  two-way  earthquake  simulator  to  evaluate  resistance  of  nuclear 
components  and  structures  to  earthquake  damage.  This  is  of  obvious  importance,  particularly  in  Japan. 
Similarly  there  is  much  activity  in  NDE  techniques  for  flaw  detection  and  monitoring  in  nuclear  vessels, 
boilers,  etc.  Methods  used  are  ultrasonic,  electric  resistance,  eddy  current,  magnetic  and  acoustic  emission. 
For  example  eddy  current  methods  are  used  on  steam  boiler  tubes  and  ultrasonic  methods  for  nuclear 
pressure  vessels. 

Other  test  equipments  in  the  structures  laboratory  arp  horizontal  and  vertical  test  beds  and  tests  of  deep 
diving  vehicles  involving  pressures  to  1200  Kg/cmL  There  is  also  an  assortment  of  fatigue,  tensile  and  brit- 
tle fracture  test  machines  and  equipment  to  test  thermal  fatigue.  A 1000  ton  MTS  machine  tests  WOL 
specimens  in  fatigue  at  500  tons  and  1.5  Hz,  with  a 150  mm  stroke  and  an  approximate  3000  mm  span. 
Specimens  weighing  up  to  600  Kg  and  240  mm  thick  can  be  tested.  A dynamic  tear  test  machine  modeled 
after  the  machines  of  Fellini  and  Lange  at  NRL  is  also  operating. 

The  anechoic  laboratory  is  used  to  test  silencers  for  gas  turbine  engines.  Five-sided  test  chambers  are  an 
interesting  feature. 

The  materials  laboratory  performs  tests  for  creep  up  to  1200°C.  Tests  of  tubes  at  temperatures  to  800°C' 
and  under  internal  pressures  up  to  2000  Kg/cm  are  also  conducted.  Boiler  tube  steel  such  as  AlSl  Type  321 
is  tested  also  in  high  temperature  steam.  Heat-check  and  thermal  fatigue  tests  of  cobalt-base  superalloys 
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are  underway.  The  nialerial.s  laboratory  is  equipped  fully  for  SEM  and  TEM  examination  and  electron 
probe  analyses.  There  is  also  a high-power  50  KW  X-ray  diffraction  unit  (Rigaku).  A microfocus  .X-ray 
unit  for  residual  stress  measurement  is  also  available  (also  Rigaku). 

The  chemistry  laboratory  is  involved  in  stress  corrosion  tests  in  recirculating  sea  water  This  is  one  other 
advantage  of  the  Takasago  location. 

The  combustion  laboratory  studies  the  design  of  gas  turbine  combustion  engines  with  the  goal  of  im- 
proving fuel  efficiency  and  performance.  Full  scale  tests  can  be  conducted  in  a high  temperature  corrosion 
chamber  with  combustion  inlet  temperatures  up  to  1(X)0°C.  Thus,  for  example,  the  performance  of  such 
alloys  as  25-20  stainless,  AISI  310  and  Hastelloy  X in  engines  burning  ash-bearing  heavy  fuel  can  be  deter- 
mined. 

The  welding  laboratory  conducts  tests  on  new  welding  techniques  and  on  the  welding  of  new  materials 
and  alloys.  The  results  are  applied  throughout  the  company  as  in  nuclear  power  plants  (overlay  welding, 
seal  welding,  automatic  pipe  welding),  chemical  plants  (site  welding  of  pressure  vessels  or  towers),  ship 
building  (automatic  welding  in  all  positions,  high-speed  gas  cutting),  cryogenic  plants  (automatic  welding 
of  aluminum  alloys,  membrane  welding),  etc.  Current  studies  are  on  optimum  preheat  for  welding  of 
pressure  vessels,  plasma  cutting  and  welding,  stellite  alloy  overlay,  automatic  TIG  welding  of  LNG  con- 
tainers and  TIG  welding  of  heat  exchanger  tubes.  One  especially  interesting  development  of  the  welding 
laboratory  is  weld-forming  techniques  using  the  clectroslag  remelt  process.  By  these  processes,  for  exam- 
ple, a pipe  elbow  of  18-8  stainle.ss  steel  with  2-inch  thick  walls  can  be  made.  Thus  the  usual  casting  or  forg- 
ing processes  may  be  replaced  entirely  by  a weld  deposition  and  forming  process. 

A 1*^73  company  brochure  describes  some  of  the  advanced  welding  methods  which  the  company  uses  in 
shipbuilding.  In  June  1974  a paper  entitled  “Characteristics  of  the  Narrow  Gap  TIG-Arc  Welded  Joint  of 
10  Ni-8  Co  Steel  for  the  Pressure  Flull  of  Deep  Submersibles”  was  issued  by  the  Takasago  (Kobe)  Institute, 
rite  authors  were  M.  Satoh,  N.  Sakamoto,  H.  Morihana  and  T.  Satoh.  It  was  claimed  that  a high  quality 
welded  joint  can  be  obtained  with  a large  capacity  TIG-Arc  welding  apparatus  designed  for  field  welding 
of  pressure  hulls  of  deep  submersibles.  The  characteristics  of  10  Ni-8Co  steel  welded  joints  are  also  de- 
scribed, including  stress  corrosion  cracking  data  on  fracture  mechanics  type  specimens.  A subsequent 
paper  published  in  1976-7  entitled  "Study  on  Welding  Process  for  Pressure-resistant  Hulls  of  Deep-sea 
Submersible  Research  Vessels"  expands  further  on  the  use  of  the  narrow  gap  TIG  welding  process  for  10 
Ni-8Co  steel  1(X)  mm  thick  pressure  hulls.  A turning  process  is  described  to  permit  equator  welding  in  the 
Hat  position.  Stress  corrosion  data  show  a Kis^.,.  value  of  the  weld  joint  at  450  Kg/mm  3/2  compared  to  the 
base-plate  toughness  of  6.^0  Kg/mm  3/2.  This  paper  is  in  Japanese  and  appears  in  Vol.  13  No.  4 of  the 
MH!  technical  reports. 

In  discussions,  Y.  Harada  and  others  discussed  U-Bcnd  SCC  tests  of  18-8  stainle.ss  steel  in  water  at 
250‘’C’.  The  chloride  ion  and  oxygen  ion  concentrations  were  varied.  The  results  show  that  chloride  ion 
concentration  as  high  as  500  ppm  does  not  cause  SCC  if  the  oxygen  ion  concentration  is  less  than  5 ppm.  A 
chloride  ion  concentration  of  only  50  ppm  can  be  tolerated  if  the  oxygen  ion  concentration  is  increased  to 
about  50  ppm.  These  synergistic  effects  are  important  in  MHl  diagnostic  studies  of  cracking  in  boiling 
water  (BWR)  and  pressurized  water  (PWR)  reactors. 

In  summary,  the  activities  of  Mitsubishi  Heavy  Industries  are  extensive  and  technologically  intensive. 
The  Takasago  Research  Institute  is  well  equipped  and  active  in  supporting  these  world-wide  interests. 
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The  Hiroshima  Technical  Instiiiite  is  one  of  three  such  research  institutes  of  Mitsubishi  Heavy  In- 
dustries; the  others  are  located  at  Takasago  and  at  Nagasaki.  Since  the  general  organizational  and 
managerial  features  of  the  company  have  beeti  described  previously  in  the  report  of  the  visit  to  the 
Takasago  Technical  Institute,  the  technical  activities  and  discussions  at  Hiroshima  Technical  Institute  will 
be  described  without  furtlttr  introduction. 

IJr.  Y.  Nishio,  Assistant  Chief  Research  l-ngitteer  and  prittcipal  host,  arranged  a tour  of  the  Hiroshima 
Works  as  the  first  activity  on  this  visit.  The  advanced  engineering  attd  competence  iti  the  construction  of 
massive  structures  such  as  ships  and  giant  off-shore  platforms  are  the  predomittant  recollection. 

In  discussions.  Dr.  D.  Yamasaki,  Manager  of  the  Material  Research  Laboratory  at  the  Institute,  de- 
scribed some  work  on  the  resistance  of  coilayer  vessels  to  hydrogen  attack.  Tire  coilayer  desigtt  is  effective 
in  containing  hydrogen  at  high  temperatures  and  pressures.  An  inner  layer  (surface  contacting  the 
hydrogen)  of  stainless  steel  is  backed  by  a tightly  wound  coil  of  carbon  steel.  Steels  such  as  2Cr,  0.,S  Mo 
and  1.25  Cr,  0.5  Mo  may  be  used  as  intertnediate  layers.  Vent  or  “weep”  holes  are  drilled  through  the  car- 
bon steel  layers.  A gradient  in  hydrogen  concentration  e.xists  between  the  inner  and  outer  surfaces,  and  the 
alloy  steels  are  so  located  as  to  match  the  regions  higher  in  hydrogen  concentration,  in  accordance  with  the 
tolerance  for  hydrogen  indicated  by  the  temperature  versus  hydrogen-pressure  Nelsott  diagrams.  The  vent 
holes  release  hydrogen  following  diffusion  into  the  carbon  steel  coil.  The  interspaces  between  layers  allow 
hydrogen  to  escape  and  recombine  to  molecular  form  without  damage  to  the  steel  structure. 

The  welded  joints  of  the  coilayer  construction  proved  to  be  a problem,  with  some  abnormal  cracks  oc- 
curing  during  service  at  500“C  with  pressure  over  2000  psi.  Intergranular  cracks  w'ere  seen  in  HA'/,  zones, 
contrary  to  Nelson  diagram  predictions.  A series  of  experiments  with  0.5  Mo  and  2.25  Cr,  1 Mo  steels 
proved  that  post-weld  heat  treatment  was  required  for  freedom  from  the  cracking  and  for  validity  of  the 
Nelson  diagrams.  The  post-weld  treatments  were  650  for  4 hours  for  0.5  Mo  steel  and  6‘X)°C  for  2 hours 
for  the  2.25,  1 Mo  steel.  A report  in  English  has  been  issued  on  this  work  by  Mitsubishi  Heavy  Industries 
dated  June,  1976,  authored  by  D.  Yamasaki,  T.  Shinkawa,  H.  Makimotoand  T.  De.  Dr.  Nishio,  with 
Yoshida  and  Y.  Miura  has  performed  some  related  work  on  the  problem  of  diffusible  hydrogen  and  weld 
cracking  in  thick  weldments.  Diffusible  hydrogen,  according  to  Nishio,  remains  in  a thick  weldment  for 
over  sixty  days.  The  hydrogen  content  is  not  uniform.  Maximum  value  of  the  hydrogen  content  occurs 
under  the  surface. 

The  cracking  incubation  period  on  the  weld  surface  (first  crack  appearance)  is  as  long  as  four  days.  1 he 
increased  cracking  in  thick  weldments  is  primarily  caused  by  the  increased  hydrogen  introduced  from 
multiple  passes.  Immediate  post  heating  at  .JOOT  for  .JO  minutes  reduces  the  hydrogen  sufficiently  to  avoid 
cracking,  and  this  treatment  is  an  adequate  substitute  for  the  common  intermediate  annealing  at  6(X)‘'C 
during  the  welding  of  thick-wall  vessels. 

Dr.  R.  Ebara  and  others  of  the  Strength  Research  Laboratory  of  the  Hiroshima  Technical  Institute  have 
been  very  active  in  studies  of  environment  on  fatigue  strength.  One  study,  presented  at  the  International 
Conference  on  Mechanical  Properties  of  Materials,  Boston,  1976,  deals  with  effects  of  air  on  fatigue  crack 
growth  in  titanium  alloy  Ti-6AI-4V.  All  regions  of  the  crack  growth  curve  (iti  fracture  mechanics  type 
specimens)  showed  faster  crack  growth  in  air  than  in  vacuum,  and  a marked  decrease  in  the  threshold  level 
as  well. 

It  is  of  interest  that  the  striation  spacing  was  found  to  correspond  to  the  macroscopic  Aa'  An  value  only 
at  intermediate  AK  levels.  At  low  crack  growth  rates  the  spacing  is  larger  than  the  macroscopic  growth  rate. 
Thus  the  .sire.s.s  intensity-structure-environmetit-crack  growth  rate  relationships  are  complex  and  not 
thoroughly  understood,  but  this  also  gives  hope  for  improved  properties  wheti  a better  understanding  is 
reached.  This  wofk  is  being  pursued  cooperatively  with  investigators  in  the  l/niied  States  at  the  University 
of  Connecticut  (A.J.  McEvily,  J.  Oroeger),  with  aeknowledgment  of  U.S.  Air  l-'orce  Office  of  Scientific 
Research  support. 

Dr.  Ebara  and  others  have  also  been  studying  the  corrosion  fatigue  behavior  of  quenched  and  temperevi 
LI  Cr  stainless  steel  in  saline  solution  and  steam.  Rotating  beam  tests  showed  a fatigue  strength  related  to 
the  NaCI  concentration.  Steam  deteriorates  fatigue  life  at  stress  levels  above  the  threshold  but  the  effect 
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decreases  as  ihe  threshold  is  approached  and  is  zero  at  the  threshold,  lixcept  in  air,  corrosion  pits  and  sub- 
cracks were  observed.  C orrosion  pits  were  often  located  at  fracture  initiation  sites.  At  hitth  stress  and  low 
fatigue  life,  striations  were  seen;  at  low  stress  and  longer  fatigue  life,  intergranular  crack  growth  was 
predoinitiant.  This  work  was  presented  at  the  A.STM  .Symposium  on  Corrosion  I atigue,  November  l‘)76. 
IX'itver,  Colorado,  and  was  revised  in  l-'ebruary  1*^77  for  possible  publication  by  AS  I'M.  Other  woik  now 
underway  involves  500  to  KMX)  hour  tests  to  determine  values  of  18  Ni-.KK),  .^50  and  4(X)  maragmg 
steels.  These  studies  are  being  cotiducted  in  cooperation  with  the  Japanese  government,  and  the  results  are 
not  generally  available. 

Dr.  Nishio  described  some  work  on  the  developmettt  of  utiderwater  welding  systems.  Hus  work  is  in- 
tended to  meet  a tteed  for  in-situ  underwater  welding  of  large  offshore  structures.  .\n  automatic  welding 
system  has  been  engineered  which  itivolves  an  underwater  camera  which  monitors  the  weld  torch  position 
and  weld  bead  appearance.  The  MIG  welding  priKess  is  used  with  a UK)  mm  diameter  torch.  The  gas  How 
under  pressure  is  stabilized  by  use  of  annular  water  jets,  so  that  a stable  gas  zone  is  formed  beneath  the 
torch.  Steels  of  strength  up  to  50  Kg/mm'  can  be  welded  in  this  way.  A cracking  problem  develops  with 
higher  strength  steels.  A descriptive  paper  appears  in  IIW  D(X'  XII-B-2l.')-77.  The  work  is  known  in  the 
IIS.\  and  the  system  will  be  used  by  NGAA  at  St.  C'roix  iti  the  Virgin  Islands.  Cooperative  experiments 
with  the  Coast  Guard  and  U.S.  Navy  are  also  underway.  Professor  Masubuchi  of  MIT  is  a consultant. 

Dr.  I bara  has  studied  also  fatigue  priKesses  iti  metal  matrix  composites  and  is  coauthor  with  .A.J. 
Mclivily  of  the  Utiiversity  of  Connecticut  and  K.M.  Prewo  of  llnited  Aircraft  Research  I aboratories  ol  a 
paper  delivered  to  the  I hird  International  Conference  on  Strength  of  Metals  and  Alloys  in  I ondon,  l')7.). 
I'he  paper  involves  torsional  fatigue  tests  of  aluminum  strengthened  with  boroti  fiber  attd  altmtinuin 
strengthetted  in  situ  by  AhNi.  The  differences  between  fiber matrix  interfacial  strengths,  fiber  diatnetet 
and  continuity  and  tnatrix  structure  between  the  two  systems  were  explored  with  a view  toward  identifying 
relationships  to  fatigue  crack  initiation  and  growth,  cyclic  hardening  or  softening  and  the  shape  of 
hysteresis  loops. 

The  results  show  that  in  the  Al  Ah  Ni  system  there  is  ati  initial  softening  followed  by  hardening,  and  this 
was  attributed  to  the  initial  and  subsequent  distribution  of  dislocatiotts.  On  cooling  from  high 
temperatures  dislocations  are  trapped  near  the  fibers  and  few  are  available  for  plastic  deformation  of  the 
matrix.  There  is  also  a disliKation  bias  which  leads  to  an  SD  effect.  The  initial  easy  flow  (softening)  is  seen 
as  resulting  from  the  development  of  mobile  dislocations  within  the  matrix,  and  the  eventual  hardening  as 
the  interaction  of  these  disliKations.  The  aluminum-boron  system  shows  no  SD  effect.  It  is  suggested  that 
matrix-fiber  breakdown  may  tKcitr  during  cooling  because  of  differential  strains.  Unusual  hysteresis  loops 
at  high  strains  were  attributed  to  elastic  fiber  buckling  during  compression  attd  plastic  deformation  of  the 
matrix. 

Hie  fatigue  priKCss  of  .Al  Ah  Ni  in  torsion  is  similar  to  pure  metals,  but  the  life  is  longer  because  the 
fibers  retard  crack  growth.  In  the  aluminum-boron  system  crack  initiation  is  fiber  cotttrolled.  This  work 
was  also  supported  by  .AFOSR.  It  is  of  interest  that  Dr.  Prewo  is  a current  GNR  cotitractor  in  the  field  of 
composite  materials.  I'hus,  there  are  precedents  for  cooperative  work  between  Japanese  and  .American  in- 
vestigators under  ll.S.  governmetit  support. 

I'or  the  future,  the  Hiroshima  Technical  Institute  investigators  wish  to  pursue  further  environmental 
fatigue  testing.  Specifically,  the  effects  on  the  fatigue  of  such  steels  as  13  Cr  and  4340  of  varying  R value 
and  various  concentrations  of  COj,  SOj  and  HjS  in  moist  air  and  steam  is  of  interest.  I'hese  results  are  im- 
portant for  geothermal  equipments  such  as  compressors.  There  is  also  interest  in  the  behavior  of  structural 
steels  in  cracked  gases  in  the  oil  industry.  The  effects  of  gas  composition  on  fatigue  are  tiot  now  well 
enough  known,  and  corrosion  fatigue  is  known  to  be  usually  more  severe  than  static  tests  would  suggest. 

In  general,  the  Hiroshima  Technical  Institute  appears  to  conform  with  the  high  standards  of  the  other 
MHl  laboratories  and  other  excellent  industrial  laboratories  in  Japan.  The  goals  of  this  laboratory  are  very 
practical,  but  there  is  no  hesitation  to  apply  science  at  the  highest  level,  and  they  have  the  tecimical  people 
to  do  it.  The  number  of  joint  projects  and  publications  with  outstanding  American  metallurgical  in- 
vestigators attests  to  the  scientific  excellence. 
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Among  the  three  teehnieui  institutes  ol  Mitsubishi  Heavy  Industries  (Kobe,  Takasago  and  Nagasaki), 
the  Nagasaki  Technical  histitute  (NTI)  was  the  last  to  be  visited.  This  laboratory  adjoins  the  Nagasaki 
Shipyard  and  Hngitte  Works  of  Mitsubishi  Heavy  Industries  atid  I'unctions  to  serve  this  ‘‘Works”  in  apply- 
ing and  advaticing  technology,  although  NTI  reports  directly  to  the  Technical  Headquarters  of  the  com- 
patty  in  Takasago.  Nagasaki  Shipyard  and  Engitte  W orks  is  engaged  primarily  in  shipbuilding  and  such 
related  areas  as  steam  turbines,  boilers,  diesel  engines,  propellers,  hydraulic  tnachiticry,  ship  repair,  steer- 
ing gear,  and  blowers.  The  ships  constructed  are  as  large  as  one  tnilliott  1)W  I'  in  cargo  si/e  ( 1 HWT  is  22(X) 
lb),  rite  marine  diesel  engines  are  as  large  as  .^6,(X)()  blip,  the  marine  ttirbine  engines  as  large  as  45, (XX)  blip. 

I and  boilers  producing  6<X),(XX)  KW  and  steam  turbines  for  thertiial  electric  power  plants  with  output  to 
.f  50,(XX)  kW  are  also  produced. 

file  Nagasaki  Technical  Institute  employs  about  MX)  people  of  whom  about  250  are  college  graduates, 
according  to  vice  manager  Or.  E.  Ueda  who  reviewed  the  organi/atioti.  Some  twenty  research  laboratories 
within  NTI  report  to  the  general  manager.  The  general  areas  of  sttidy  are  hull  desigti  and  form;  hull 
strength;  propellers;  hull  vibration;  marine  and  industrial  materials  hatidling  atid  pollution  cotitrol  equip- 
metit;  boiler  heat  transfer  and  combusiioti;  water  treatment  and  chemical  cleatiitig  of  boiler  waters;  plant 
automation;  steam  ttirbine  performance;  internal  combustion  engines;  development  of  diesel  engines;  tur- 
bochargers, sirengih  and  materials;  tribology;  chemistry  and  corrosion;  stack  gas  pollution  control;  and 
aerodynamic  stability  of  structures  such  as  bridges  On  this  occasion  the  Materials  Research  I aboraiory, 
Sirengih  Research  I aboraiory.  Sea  Keeping  Research  I aboratory.  Ship  Strength  Research  I aboraiory. 
Welding  Research  I aboraiory.  Coating  and  Sea-Water  l aboratory  and  the  Tribology  Laboratory  were 
visited  and  there  was  also  a lour  of  the  dockyard  activities. 

The  Materials  Research  I aboraiory,  managed  by  Hr.  T.  Haikoku  performs  research  on  materials  which 
affect  the  performance,  reliability  and  cost  of  siriiciures  and  iiiachiiies  produced  by  MHl,  particularly  at 
Nagasaki.  Such  activities  have  been  pursued  for  over  seventy  years,  although  various  reorgani/aiions  have 
of  course  taken  place. 

In  the  discussions,  eight  main  activities  were  covered,  as  follows: 

1)  High  strength  materials  for  turbines. 

One  material  developed  is  a new  material  for  turbine  blading  with  strength  of  90-1 10  Kg  min'  and  also 
with  high  damping  capacity.  The  new  blading  material  is  a 12Cr-5Ni  .^Co-3Mo  maraging  steel,  and  is  re- 
ferred to  as  "NMB  I”,  for  “Mitsubishi  Nagasaki  Blading".  I iirther  background  and  details  are  given  in 
MHl  Lech  Rev,  Sept.,  1970. 

Titanium  alloys  are  also  being  developed  for  blading  materials  for  large  steam  turbines.  Tiianium  alloys 
are  strong  and  have  low  density,  which  is  desirable,  but  these  alloys  are  generally  poor  in  damping  capaci- 
ty. A current  effort  therefore  is  to  develop  titanium  alloys  which  combine  high  damping  capacity  with 
good  strength.  No  further  details  were  released  on  this  subject. 

Another  study  aims  at  developing  large  single  casing  turbines,  in  particular  large  turbine  rotors  with 
good  resistance  to  creep-rupture  and  a low  temperature  impact  transition  temperature,  EATT  (fracture  ap- 
pearance transition  tempera  I tire).  An  alloy  designated  HE- 12,  a 12  percent  C'r-Mo-Co  steel,  has  been 
developed  with  80-83  Kg/mm-  yield  strength  and  EykTT  of  near  zero  °C.  The  properties  can  be  obtained  in 
a rotor  with  diameter  as  large  as  2000  mm.  The  alloy  also  has  good  high  temperature  strength. 

2)  Heal  resistant  material  for  boilers. 

.At  present  2.25  Cr-lMo  steel  is  used  for  superheater  tubing  and  reheater  tubing  for  temperatures  up  to 
585 °C  (I085‘’E)  and  18  Cr-  8Ni  aiistensitic  stainless  steels  are  used  for  higher  temperatures.  The  NLI 
materials  laboratory  would  like  to  develop  an  inexpensive  grade  of  materials  for  use  at  intermediate 
temperatures.  The  efforts  have  begun  with  attempts  to  improve  the  existing  9C'r-IMo  steel  T-9  for  this 
service.  A new  steel  designated  HCM9M  (low  C-9Cr-2Mo)  has  been  developed  which  is  characieri/ed  by 
improved  weldability  and  higher  elevated  lemperaiiire  strength  compared  to  9C'r-IMo  steel.  The  claim  is 
I made  that  the  allowable  stresses  in  the  new  steel  are  140  to  IM)  percent  greater  than  could  be  allowable  in 

the  original  9('r-lMo  steel.  This  development  has  attracted  attention  in  the  U.S.A.,  and  the  Heiroil  Edison 


w 


fompany,  lor  example,  is  currently  coiuluciing  tests  on  the  material.  .Mso,  Aigonne  National  I aboratory 
is  stuilyintt  ihe  material  lor  potential  use  as  heat  exchanger  lubing  in  the  KBR  (as  of  the  date  of  this  visit  to 
Nil).  .A  paper  on  this  subject  by  T.  Yukitoshi,  K.  Nishida,  T.  Oda  and  T.  Daikoku  appears  in  Trans 
.ASMI-  and  .lournal  of  Pressure  V'essel  Technology,  Paper  No,  7.S-VN’A/PVP-2. 

.^)  High  hardness  reduction  gear  materials. 

To  raluce  weight  and  si/e  there  is  a need  to  use  harder  materials  for  the  gears  in  reduclion  trains  for 
marine  turbines.  ,At  N Tl,  a higher  hardness  gear  alloy  designated,  P-4  has  been  developed  for  pinion  gears 
and  an  alloy  designated  P-.'  has  been  developed  for  wheel  gears.  The  P-4  gear  is  over  4(X)  HHN  and  the  P-5 
gear  is  .^(KT.V^O  HHN.  The  P-.5  alloy,  basically  i Ni-lC'r-0..'Mo.-l  ATV,  is  given  a three  step  quench,  temper 
and  draw  heat  treatment  to  develop  the  desired  hardness.  The  alloy  P-4  is  a precipitation  hardened  alloy. 
The  alloy  P 5 is  stated  to  have  good  weldability  despite  the  high  hardness.  The  ability  of  this  alloy  to  retain 
high  hardness  after  the  required  tempering  (for  toughness)  is  attributed  to  the  alloying  elements.  Tests  have 
shown  that  the  surface  durability  of  the  new  alloys  is  1 .^0  percent  better  than  the  usual  alloys.  Background 
and  development  are  described  in  MHI  Tech.  Rev.  7,  No.  6,  1970. 

4)  Casting  techniques 

The  laboratory  has  succeeded  in  developing  continuous  casting  techniques  for  copper  alloy  and  cast  iron 
pipes  that  permit  wall  thickness  as  thin  as  5 mm  in  a 150  mm  diameter  pipe.  Work  is  also  being  conducted 
in  molding  priKesscs  to  minimi/e  pollution  and  energy  consumption.  Developments  have  been  an  im- 
proved vacuum  sealed  molding  privess  and  a fast- hardening  molding  process. 

5)  Marine  propeller  materials 

Mitsubishi  has  been  in  the  propeller  business  for  many  decades,  and  developed  propeller  alloys  of  high- 
strength  brass  and  Ni-AI  bron/e  which  arc  still  in  use.  In  recent  years  the  stainless  steel  propeller  alloy  MCT 
has  been  developed.  This  alloy  is  composed  of  l8C'r-6Ni-IMo-ICo  and  less  than  0.0,1  C.  The  stainless  pro- 
1 peller  alloys  are  stated  to  permit  a lighter  propeller  design  with  greater  efficiency.  The  new  MCT  alloy  also 

• has  better  tensile  strength  and  fatigue  strength  than  the  copper  alloys.  Corrosion  fatigue  tests  in  seawater, 

using  the  cantilever  type  W ohler  test  at  N = 10  cycles  and  .^60  rpm,  indicated  that  MCT  stainless  specimens 
I cut  from  an  actual  400, (XH)  ton  tanker  propeller  had  a threshold  of  27  Kg  mm  as  contrasted  to  a value  of 

j 1.^  Kg'mm  for  Ni-AI  bron/e  specimens  cut  from  a similar  propeller.  No  report  of  this  work  has  yet  been 

prepared. 

6)  Sintered  material  and  ceramics 

The  research  to  produce  new  heat-resistant  material  has  led  to  dispersion  strengthened  powder 
metallurgy  alloys,  .A  1.1  I'r  steel  strengthened  by  .AT.Di  particles  shivws  mechanical  and  creep  rupture 
strength  equal  to  18Cr-8Ni  austensitic  steels.  Research  is  being  ci'nducted  also  on  ceramic  materials  for 
high  temperature  use  such  as  in  gas  turbines  and  in  insulation  of  metallic  engine  parts.  .A  multilayer 
ceramic  coaling,  for  example,  has  been  developed  which  contributes  to  the  development  of  an  adiabatic 
engine.  The  multilayers  are  made  of  ZrO  and  NiAl,  with  Ihe  ZrO  NiAl  ratio  increasing  from  Ihe  metal 
surface  to  the  outer  surface.  This  permits  a gradual  accommiHlation  to  different  Ihernval  expansion  coeffi- 
cients. 

7)  High  damping  alloys 

To  reduce  noise  and  v ibration,  new  high  damping  capacity  alloys  arc  desired.  One  alloy  class  devclopevl 
is  in  the  Mn-C'u-Ti  system.  The  titanium  prevents  the  decrease  in  damping  capacity  with  lime  which  occurs 
with  these  allovs  which  contain  40  to  90  percent  manganese.  The  background  on  this  studv  mav  be  re- 
viewed in  MHI  Tech  Rev,  //,  No.  6,  1974. 

. High  damping  capacity  cast  irons  arc  also  under  development.  The  best  arc  gray  irons  with  4.2  percent 

carbon  equivalent  and  0..^  percent  /irconium. 

8)  Corrosion  and  stress  corrosion  cracking  (SCO 

These  researches  have  concentrated  on  stress  corrosion  cracking  of  stainless  steels  and  high  nickel  alloys 
using  elect rvKhcmical  techniques.  The  results  have  become  so  dcvelv>ped  that  the  clectnvhemical  tests  are 
now  used  to  control  quality  of  18Cr-8Ni  stainless  steel  boiler  tubing  in  the  Nagasaki  shipyard.  The  ap- 
proach is  to  obtain  a polarization  curve  of  current  v ersus  potential.  Sensitized  tubes  do  not  show  the  region 
of  passivity  which  non-sensitive  lubes  display. 

The  Strength  Research  1 aboratory  is  conducting  theoretical  and  experimental  investigations  on  strength 
using  photoelastic  and  computer  modeling  techniques.  Materials  properties  are  related  to  fatigue,  thermal 
fatigue,  creep  and  brittle  fracture. 

The  Ship  Strength  Research  I aboratory  is  developing  new  types  of  ships  and  is  attempting  to  improve 
structural  integrity.  A water  impact  generating  tower,  1(X)  ton  corrosion  fatigue  and  2.5()  ton  fatigue 


iii.U'hiiio,  .iiiJ  .1  UHHi  iKii  briiilc  Iraciuio  ti'si  nuK'liino  .no  lo.iiuioil  ioni  ot|iiipi)u-iii  I ho  l.iii);iio  iii.K’hiiio<. 
.110  pio^i.inuthlo  sMih  to^iHvl  u>  \\a\o  toi  in,  aiul  laiKloin  iioiso  nia>  ho  ):onoiau\l 

I lio  \\  oIJint:  KoNoaioh  I aboraioiv  ooiK'oniiaio\  on  iho  ilovolopinoni  ol  no»  auioinaiio  wolilni);  nioiluKis 
aiul  in  iho  apphoation  of  ihoso  nov^  inoihiHls  u'  inipioio  tho  ooononiK''*  aiul  lo.iMbihu  ol  uolil'.  in  nii  ik  iuion 
anil  shipN  of  ovoi  iniioaMiit;  m/o.  Soino of  iho .iilnoioinoniN  anil  uvhmi|iio\  iloxoli>poil  .no as  follows 

1 ) thio  siilo  soiiii'.il  f '()  Mlfi  wolihiit:  in  iho  inohnoil  posinon 

2)  \ntoniaiii'  ono  siJo  soi  lioal  I'l)  MKi  \iolilin>>  (iilioil  opposiio  si.is  lo  11,  aboio) 

.')  Miiliipio  siiio  taiiiloin  wolihn^ (MKi MlCiX  S.-\\N  llasi|). 

4)  I'oinpiiioi  ooniiolloil  ssolilinti  of  1 pipo  loinis (C'()  MKi). 

5)  I iioiion  ssolihiit: 

I hoio  IS  no  olos'lton  bo.nn  (I  H)  wolihng  at  N I I .is  voi  ll  was  st.noil  ih.ii  ihoio  is  mioiosi  m l.isoi  wolihnp. 
bill  no  oi|inpinoni  has  boon  assoinbloil. 

I ho  C'o.nin(i  anil  So.iwaioi  I abotaiois  is  siuilsini;  loiiosion  faii.oiio  bs  ahoinaio  boiul  losis  in  -.o.iw.iioi 
H.isii  ihonnoal  loso.noh  is  also  ilono  on  ships  ami  piiino  inosois.  i'onibnsiii)n  aiul  lombiisnon  oi)uipnioni 
I ho  woili  IS  oimsiiloroil  a sorioiis  mflnonoo  on  iho  snoooss  of  iho  ooinp.in>,  boo.inso  iho  oonsianib  inoio.is 
in>t  hoai  fhi\.  ioin|HTainio  ami  piossnio  of  boilois  anjjias.nos  inaioii.il  ilcposiiion  ami  wall  loi losion  Oihoi 
woik  applios  lo  tho  ilosijni  of  oi|inpinont  foi  tho  >;asifio.iiion  of  oil  fnol  ami  in  iho  oontiol  ol  tho  loini.iiion 
of  Nl>\  in  iho  fl.imo  iluiiin;  ooinbiisiion. 

Iho  liibolon>  kosoaiih  1 aboraioiv  simlios  fiiiiion.  wo.n  ami  hibiiiaiion  piobloins,  Ko'oaiih  is  lOii 
iluiioil  on  sioiniiibo  boaiings  ami  loihioiion  (loais  for  l.ngo  ships  ami  on  boaiiiiiis,  pisions  ami  ovhansi 
salvos  of  iliosol  onjiinos.  I ho  iioai  losis  may  run  as  loiij;  as  ihioo  inonihs,  followoil  bv  Joiailoil  nmi  osiopio 
ami  ohonnoal  analysos  of  iho  looih  surfaoos.  Ouring  iho  losis,  loinpoiaiuio  is  nioasnii\l  wiih  ihoiinoiouplos 
oniboililoil  0.^  inni  bolow  tho  looih  surfaoo.  I ho  losis  obsoisoil  woio  m.issiso  ami  ai’pliiablo  lo  lonip.ins 
pioiluiis.  Ihoso  oxiHMimonis  aro  oMioinols  saluablo.  Alihoutih  ihov  aiocosily,  ihov  piosnloa  laiohnli  bo 
iwoon  1 ) ihoory  anil  laboiaiory  ilaia  ami  2)  lao  sois  ioo  oomliiion. 

I ho  Nagasaki  I'oohnii'al  Insiitnto  is  woll  apiippoil  ami  siaffoil  b\  voiv  ooinpoioni  onginoois  ami  siioniisis 
who  woik  haril  lo  sorvo  iho  iniorosis  of  iho  Nagasaki  Shipyaiil  ami  I ngino  Woiks  .is  woll  .is  Mill  in 
gonoial.  With  iho  two  othor  loohnioal  insiiiuios  ai  lliioshiina  .iml  lakas.igo.  Mill  appoais  lo  bo  voiv 
sirong  in  nioilorn  uvhnology  ami  in  a posiiion  to  iniii.iio  ami  o\|'loii  now  toshniial  oppotiiiniiios. 
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NIPPON  KAIJI  KYOKAI 


A visit  to  Nippon  Kaiji  Kyokai  head  oll'icc  in  Akasaka  had  been  scheduled  previvtusly,  and  at  the  instiga- 
tion ol  Dr.  K.  lida  of  the  LUiiversity  of  Tokyo  a visit  was  also  arranged  to  the  Research  Institute  located  at 
Mitaka,  immediately  adjacent  to  the  Ship  Research  Institute  of  the  Ministry  of  Transportation.  Nippon 
Kaiji  Kyokai  is  an  international  classification  society  which  promotes  safety  at  sea.  The  Society  is  a 
member  of  the  International  .AssiKiation  of  CTassificuiion  Societies  (lACS)  consisting  of  nine  major 
classification  srscieties.  Experienced  surveyors  of  the  Society  survey  ships  with  a view  to  certification  for 
construction  and  safety.  The  results  of  such  inspections  arc  published  annually  in  the  Register  of  Ships. 
I he  highest  class  of  certification  is  designated  NS*  and  is  recognized  by  both  1 ondon  Underwriters  attd 
the  .American  Marine  Insurance  Clearing  House.  The  StKiety  serves  essentially  the  same  lunction  as  the 
.American  Bureau  of  Shipping.  In  I^TS,  .D29  ships  aggregatittg  50  million  tons  gross  representing  40  tia 
tionalities  were  classed  by  the  Six'iety. 

The  SiK-iety  maintains  the  Research  Institute  to  help  ensure  that  its  technical  rules  and  reijuirements  are 
rational  and  up-to-date.  The  results  and  focus  of  the  Research  Institute  arc  always  related  to  the  behavior 
of  Nippott  Kaiji  classified  ships  in  service,  w hich  range  all  the  way  up  to  5(X),0(X1  ton  tankers. 

' The  Nippon  K.  K.  Research  Institute  is  organized  into  three  sections:  ship  hull,  machinery  and  material 

' research.  1 here  is  also  a modest  computer  research  section  attached.  Current  materials  activities  fivus  on 

, percent  nickel  steels,  maraging  steels  and  aluminum  alloys  and  their  behavior  in  air  and  in  saltwater.  I here 

> IS  no  activity  at  present  with  respect  to  precipitation  hardened  or  other  high-strength  steels.  Eatigue  and 

I crack  propagation  by  fatigue  in  hostile  environments  is  the  chief  concern.  Massive  carriers  for  1 NCI,  ore, 

oil  ami  lumber  are  the  related  interests. 

One  interesting  paper  was  described  which  will  be  published  eventually  by  the  Japan  Society  of 
Mechanical  Engineering.  This  paper  entitled  “.A  Study  on  Eatigue  C'rack  Cirowih  from  Surlace  l law"  by 
J.  .Arai,  Y.  Ino  and  H.  Iwaki  was  an  outgrow  th  of  research  on  alloys  for  u.se  in  I NCJ  carriers  {*)  Ni  steel  and 
Al  alloy).  1 iguid  nitrogen  was  used  to  control  lest  temperatures,  and  it  was  noticed  that  specimens  behaved 
differently  depending  on  whether  residual  nitrogen  was  or  was  not  present  during  the  test.  This  triggered 
an  investigation,  with  the  following  results; 

C'rack  growth  rate  in  Al-Mg  alloy  A 508.TO  is  lower  in  nitrogen  than  in  air.  A decrease  in  temperature  to 
-162‘’C'  also  decreases  growth  rate.  The  environmental  effect  of  nitrogen  is,  however,  the  greater.  Addi- 
tionally, the  different  environments  produce  a different  shape  of  crack  front.  The  surface  crack  Ironis  are 
semi-elliptical  in  nitrogen  gas  and  semi-circular  in  air. 

The  observations  are  explained  by  asserting  that  reversed  (cross)  slip  is  easier  in  nitrogen  than  in  air.  The 
different  crack  front  shapes  are  explained  on  the  basis  of  easier  crack  closure  in  nitrogen  than  in  air.  .Air 
impedes  the  closure  of  cracks  by  cross  slip  (reversed  slip)  because  of  the  impurities  lorn  -d  on  slipped  sur- 
faces. 

•A  tour  of  the  Research  Institute  showed  further  advanced,  large-scale,  testing  machinery.  .A  large  fatigue 
• machine  involved  a servo  pulse  of  It)’*  sec  and  a capacity  of  400  cps.  Diagramed  loading  is  possible.  Data 

from  on-board  records  of  fatigue  loading  can  be  programmed  into  the  machine  to  duplicate  the  load  spec- 
trum of  service  conditions  on  test  specimens.  A hybrid  analog  and  digital  computer  is  available  for  analysis 
of  the  dynamics  of  vibration  and  impact. 

A number  of  large  roiaiing-typc  fatigue  machines  were  shown.  Some  of  these  involve  bending  and  tor- 
sional fatigue  and  fretting  as  designed  to  duplicate  crankshaft  service.  A large  3(K)  ton  low -cycle  fatigue  test 
machine  was  also  observed.  Fatigue  and  crack  propagation  tests  are  made  on  very  large  specimens  — up  to 
700  X .10  mm.  Cryogenic  control  is  through  use  of  liquid  nitrogen  which  is  used  liberally.  The  cost  of  liq- 
uid nitrogen  alone  runs  to  10  million  yen  per  year  (.10-4(1  K). 

The  general  impression  of  the  Ship  Research  Institute  and  of  Nippon  Kaiji  Kyokai  Research  Institute  is 
that  first  cla.ss,  practical  re.search  on  the  behavior  of  ships  with  respect  to  design  and  materials  is  going  on. 
There  does  not  appear  to  be  any  significant  interest  in  the  metallurgical  structure  of  base  plate  or  welds. 
The  behavior  of  the  designs  assuming  a material  continuum  is  the  central  interest. 
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NIPPON  KAIJI  kVOKAI  IIKAOOKPIC'K 

I ollowinga  \isii  to  the  Nippon  Kaiji  Kyokai  Research  Institute,  this  one  to  the  lleaJquariers  Olfice  was 
perhaps  reiiunaant.  Neseriheless,  interesting  discussions  were  held  with  several  people.  Dr.  Y.  Akita.  Vice 
President  ol  Nippon  K.  K.  described  some  current  activities.  He  is  the  Chairman  of  the  International  Sym- 
posium on  Practical  pcMgn  in  Shipbuilding  to  be  held  in  Tokyo  18-20  October  1977.  and  he  is  very  busy  ar- 
ratigitig  the  details  of  this  m'.*etitig. 

The  only  directly  technical  contribution  of  the  day  involved  a demonstration  (bv  Dr.  Shin-lchi  kaku. 
Head  of  Planning  Division)  of  an  extremely  compact  ultrasonic  NDl  test  device.  This  was  developed 
under  sponsorship  of  Nippon  K.  K.  by  Tokyo  Keiki.  a company  in  Tokyo.  The  compact  device  weighs 
perhaps  one-half  pound  and  is  readily  carried  by  inspectors  to  the  most  difficult  areas  for  ship  and  piping 
insivection.  The  device  checks  for  cracks  and  poor  penetration  in  welds,  to  a depth  of  two  inches. 
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NIPPON  kOKAN  KAHI'Slllki  KAISIIA 

Nippon  Kokuii  K.  K.  is  one  of  the  giant  steel  making,  and  shipbuilding  companies  in  Japan.  The  com- 
pany is  also  deeply  engaged  in  heavy  industry  construction  and  engineering,  plus  a few  peripheral  activities 
such  as  fertili/er  manufacture.  Dr.  Ka/uo  Horikawa  was  the  principal  host  for  my  visit  to  the  Vechnical 
Research  C enter  in  Kawasaki,  and  discussions  were  held  with  approximately  ten  other  technical  persons  as 
well. 

The  meeting  began  with  private  discussions  with  Dr.  Horikawa,  rechnical  Counselor  to  Nippon  Kokan 
K.  K.  He  related  his  experiences  during  World  War  II  as  a Japanese  Naval  Officer  engaged  in  industrial 
pursuits,  notably  the  development  of  improved  armor  plate  for  ships.  He  stated  that  he  was  ins  ited  to  work 
with  the  U.S.  Navy  after  the  war,  presumably  because  of  his  accomplishments  for  the  Japanese  Navy,  but 
he  declined  in  fear  of  entering  the  ‘•enemy country  at  that  time. 

ITslUsssing  these  preliminary  amenities,  the  writer  presented  a summary  ssf  the  ONR-NRl  research 
organization  and  activities  before  a group  of  technical  specialists.  There  were  many  questions,  and  par- 
ticular interest  was  shown  in  the  operation  cif  the  contract  research  programs.  They  found  the  concepts  of 
brutal  competition.  Navy  purpo.scs  and  the  lisfiy  pursuits  of  academic  basic  researchers  difficuh  to  recon- 
cile. This  is  perhaps  not  too  startling  since  some  people  in  the  United  States  are  equally  baflled. 

Dr.  Horikawa  reviewed  briefly  the  activities  and  organization  of  Nippon  Kokan  K.  K.  Historically,  the 
company  was  established  to  make  steel  pipe,  but  thereafter  expanded  into  steel  making  and  heavy  in- 
dustrial functions.  Tixlay  the  iron  and  steel  making  is  the  largest  percent  of  sales  (75-80  percent)  followed 
by  ship  building  and  heavy  industry  (each  about  10  percent  of  sales).  Approximately  20  million  tons  of 
steel  are  produced  annually  at  the  Fukuyama  Steel  Works  and  about  6 million  tons  at  the  Keihin  Works. 
The  company  also  manufactures  ferroalloys  (ferrochrome  at  Toyama  and  ferromanganese  at  Niigata). 
Ship  building  is  hvated  in  three  plants  w ith  capability  of  up  to  500,(XX)  ton  ships  at  Tsu,  1N),(X)0  ton  ships 
at  Tsurmi  and  27, (XX)  ton  ships  at  Shimizu.  Heavy  industry  activities  are  also  concentrated  at  Shimizu. 

The  Kehin  Steel  Works,  built  over  60  years  ago,  is  now  burdened  with  obsolescence  and  pollution  prob- 
lems. Nippon  Kokan  K.  K.  is  solving  this  by  constructing  an  entirely  modern  steel  works  at  Ogishima,  an 
artificial  island  created  in  Tokyo  Bay  by  hauling  sand  from  Chiba,  approximately  40  kilometers  away. 
Connection  to  the  mainland  is  by  bridge  and  tunnel.  Wlten  the  new  facilities  are  completely  operational, 
the  outdatc*d  facilities  are  scheduled  to  be  dismantled.  There  will  be  some  consolidation  of  facilities  for 
pipe  mills  and  part  of  the  area  will  be  .sold  for  the  development  of  the  Yokohama-Kawasaki  area. 

The  company  claims  special  strength  because  of  its  integrated  steel  making,  ship  building  and  heavy  in- 
dustry interests.  Special  achievements  are  the  computerization  of  manufacturing  controls,  the  development 
of  the  first  UOE  56  inch  O.D.  pipe  mill,  the  first  100  inch  O.D.  spiral  weld  pipe  (1975).  and  the  develop- 
ment of  continuous  casting  of  slabs,  blooms  and  billets  directly  from  basic  oxygen  furnaces.  .All  of  the 
research  in  the  company  is  conducted  at  the  Technical  Research'  Center.  The  work  undertaken  may  be 
basic,  but  is  intended  to  relate  to  the  three  Steel  Making,  Shipbuilding  and  Heavy  Industry  Divisions.  The 
activities  arc  organized  into  six  research  departments  plus  four  attached  research  organizations  in  the 
Tsurumi,  Keihin,  Fukuyama  and  Tsu  areas  and  range  from  coal  research  to  steel  prixcssing,  steel  proper- 
ties, coatings  and  corrosion,  welding  and  ship  structures.  Product  research  related  to  steel,  welding  and 
surface  treatment  has  led  to  the  development  of  high  strength  steels  for  ships,  construction,  tubes  and 
sheets  for  deep  drawing.  There  is  pride  in  large  scale  tests  of  welded  members  up  to  220  mm  in  thickness  at 
temperatures  between  -70“C  and  near  absolute  zero.  The  results  are  applied  to  welding  techniques  for  liq- 
uified gas  storage  vessels  for  cryogenic  service.  Developments  of  continuous  heat  treating  and  coating 
processes  have  been  pursued.  As  a leading  pipe  manufacturer,  NKK  is  studying  plasma  welding.  I NG  tank 
piping  and  the  means  of  welding  complex  piping  systems. 

The  Technical  Research  Center  is  equipped  with  a wind  tunnel  to  study  the  effects  of  wind  pressure  on 
long-span  bridges  and  other  exposed  steel  structures.  Wind  velocity  of  0.3  to  50  m sec  can  be  generated 
across  a 15  m test  area.  There  is  also  a large  circulating  water  test  tank  for  analysis  of  the  resistance  to 
waves,  currents  and  pressure  in  a fatigue-producing  motion  sequence.  Endurance  tests  on  large  hull 
segments  are  made. 


I’rcNCMiaiioMs  were  made  by  several  members  of  lire  l eelimeal  keseareh  C'eiiier.  l irsi  Mr.  1.  .Malsiishima  1 

described  the  work  ol  the  C orrosion  I aboraiory.  Maisushima  is  a general  eorioslon  expert  and  has  * 

published  widely.  He  spent  two  years  in  the  19fi()’s  at  Mil  where  he  published  papers  with  H.H.  I'hlig. 

I hetr  work  was  on  hydrogen  cracking  and  stress  corrosion  cracktng  of  stainless  and  precipitation  hardeti- 
ing  steels.  .-Xt  NKK  he  has  been  coticerned  with  a tuimber  of  problems.  I or  example,  he  has  written  (Nip- 
poti  Kokan  I'echnical  Keport-Overseas,  Dec.  1974)  on  the  improsetnent  in  resistance  to  polythionic  acid  ot 
stainless  steel  type  .42 1 by  increasing  the  ratio  of  l i to  C and  by  antiealing  at  KXX)  to  l.‘i(K)“  C.  I bis  corro- 
sion problem  was  encountered  in  the  petroleum  industry.  He  has  also  published  on  the  subject  of  weather- 
ing steels,  with  emphasis  on  the  structural  and  ensironmental  factors  w hich  control  the  protective  tiature  of 
the  rust  film  which  forms  in  such  alloys  (see  Corrosion  Science,  II  1 29  ( 1971 ) and  Boshoku  Ciijutsu,  2.1  1 77 
(1974)).  More  current  interests  are  on  the  cathodic  protection  of  coated  pipeline  (presented  at  Corrosion 
’.C  NACl  ) and  the  corrosion  of  metals  in  sulfurous  exhaust  gases  from  sintering  plants  (presented  at  Cor- 
rosion 75.  N.'VCb,  in  loronto,  Canada).  Of  perhaps  greater  interest  to  the  Navy,  he  has  studied  the 
corrosioti  behav  ior  of  metals  in  geothermal  steam  power  plants  ( I'rans  ISIJ,  16  689  (1976)).  It  was  reported 
that  resistatice  to  corrosion  and  erosioti  is  improved  in  hot  water  and  steam  well  conditions  with  increasing 
percentages  of  chromium,  and  little  corrosion  tKCurs  with  chromium  above  1.4  percent.  Wcatheritig  and 
low-alloy  steels,  which  enhatice  corrosion  resistance  in  the  atmosphere,  are  not  efftviive  in  this  type  of 
service. 

Dr.  Masanori  Kawahara  of  the  Engineering  l aboratory  described  some  of  his  work  in  fatigue.  The 
facilities  for  fatigue  studies  at  the  Technical  Center  are  excellent  from  the  standpoint  of  large  component 
testing.  .Mmost  every  imaginable  type  of  test  is  done,  frotii  tests  of  pipe  K-joints  in  a submersible  drilling 
rig,  to  wave-effect  tests  of  critical  ship  load-bearing  sirueiures.  Kawahara  has  publishc'd,  for  example,  on 
the  fatigue  strength  of  a particular  ship  structures  design  (Nippon  Kokati  Technical  Report-Overseas,  Dec. 

1975).  He  is  also  scientifically  inclined  and  has  written  on  the  retardation  of  fatigue  crack  growth  in  a 
H 180  steel  from  overload  in  the  fatigue  cycle  (Engineering  ^•raeturc  Mechanics,  {i  507  (1976)).  Very  recent- 
ly he  has  written  on  growth  of  fatigue  cracks  from  a surface  flaw.  He  shows  that  Haw  growth  from  a sur- 
face Haw  produces  a different  shape  crack  front,  depending  on  whether  the  specimen  is  strictly  tensile  or 
involves  a bending  moment.  This  differs  from  the  ASME  code  which  assumes  that  both  crack  frotits  grow 
• identically.  .According  to  Kawahara,  it  is  for  this  reason  that  quite  often  plots  of  da  dN  versus  AK  produce 

I scatter  if  different  specimens  are  used.  Kawahara  has  developed  expressions  which  he  claims  overcome  the 

difficulty,  and  says  that  he  can  determine  relationships  between  a (crack  depth),  b (crack  vv  idth)  and  da  dN 
in  specimens  subjected  to  combined  tensile  and  bending  loads.  These  results,  which  may  be  very  important 
to  an  understanding  of  fatigue  crack  growth,  may  be  applicable  in  part  to  studies  of  crack  growth  from 
stress-corrosion.  Kawahara  (with  M.  Kurihara)  is  presenting  this  work  before  the  4th  Internatiotial  f rac- 
ture Conference,  Waterloo  Canada,  1977. 

Mr.  N.  Seki  and  Mr.  Oichi  next  described  some  problems  and  concerns  with  stress  corrosion  crackitig 
and  hydrogen  embrittlement.  The  company  has  several  interests  here.  Nitrite  stress  corrosion  cracking  is  a 
concern  in  the  fertilizer  trade.  Steels  of  40-60  kg/mnr’  tensile  strength  arc  involved.  Cracking  from  H.S, 
stress  corrosion,  and  blistering  internally  from  hydrogen  arc  of  concern  to  litiepipe  steels  of  50-80  and 
40-60  kg  'mm’  respectively.  City  gas  tanks  of  steel  50-80  kg/mm’  tensile  strength  are  subject  to  CO-C(). 
mixtures,  and  stress  corrosion  may  be  a problem,  finally  the  area  of  sea  water  and  pure  water  stress  corrrv 
sion  cracking  is  of  interest  with  steels  of  tensile  strength  1 10-140  kg/mm-’. 

•Although  papers  on  the  stress  corrosion  cracking  of  high  strength  steel  in  CO-CD.-  gas  (Nippon  Kokan 
Technical  Report  Overseas,  Dec.  1974)  and  on  the  stress  corrosion  cracking  of  pipeline  steel  (PriK.  5th  Int. 

Cong,  on  Metallic  Corrosion,  494,  NACE)  were  distributed,  all  discussion  was  avoided  because  of  the  sen- 
sitive nature  of  the  subject  matter.  A manuscript  on  the  stress  corrosion  cracking  of  high  strength  steel 
bolts  by  M.  Tanimura  and  N.  Seki  was  discussed  quite  freely,  however.  In  essence,  thev  have  studied  the 
effects  of  notch  morphology  on  the  value  of  Kk.;^..  Various  combinations  of  V-noich  and  slot  plus  a fatigue 
crack  (to  give  a constant  crack  depth)  were  studied.  The  V-notches  and  slots  serve  to  open  up  the  crack 
toward  the  specimen  surface.  The  findings  were  that  crack  growth  rate  above  Kk,,  may  be  innuenced.  but 
that  the  value  of  Kis^-t  is  fairly  constant. 

Not  very  much  was  heard  about  welding  but  the  Manager  of  the  Welding  I aboratory.  Dr.  .1.  Tanaka  did 
relate  some  implant  test  results  generally.  The  implant  test  is  a notch  lest  designed  to  determine  the  strengih 
of  the  heat  affected  zone  of  welds.  It  is  a measure  of  the  cold  cracking  susceptibility.  Under  stress  and  with 
time  a threshold  stress  for  cracking  is  determined  which  increases  with  temperature.  The  threshold  stress 
may  also  increase  with  time,  which  probably  reflects  the  egress  of  hydrogen.  There  was  no  opportunity  to 
tour  the  facilities  during  the  busy  day.  The  overall  impression  is  that  this  is  a first-class  technical  group 
which  is  alert  to  the  needs  of  the  company  and  well  aware  of  what  is  going  on  world-wide  in  related  areas. 
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As  a final  coinmeni,  NKK  notes  that  it  enjoys  a very  low  absenteeism  rale  (less  than  one  pereeni)  and 
relates  this  to  the  assurance  by  the  company  of  job  security,  good  pay  and  opportunities  for  advancement. 
Does  the  high  degree  of  paternalism  weaken  the  employees  resolve  to  work  hard?  On  the  contrary,  says 
NKK,  it  heightens  the  resolve  to  do  the  best  possible  job.  Comparing  this  situation  with  that  in  the  United 
States,  it  is  obvious  that  the  big  difference  is  job  security.  Perhaps  in  Japan  the  worker  identifies  with  the 
company  whereas  in  the  United  Stales  loyally  is  less  often  given  and  receised;  the  individual  career  is  of 
first  consideration.  Of  course,  "high  pay”  and  "opportunities  for  advancement’  are  subject  to  interpreta- 
tion, and  certainly,  from  outward  appearance  at  least,  the  United  Slates  worker  is  better  off  materially. 
Still,  the  industrial  success  of  the  Japanese  system  gives  pause. 


SDMI TOVIOMKTAI.  INDDSTRIKS,  I.Tl). 

ama(;asaki 


Rcscari.h  divisions  wore  established  by  Sumitomo  Metal  Indiisti  ies  as  early  as  1935  at  Osaka  Steel  Works 
and  the  Steel  ! ube  Works.  Somewhat  later,  researdi  divisions  were  established  at  the  Wakayama  and 
Kokiira  Steel  Nk'orks.  1 hese  were  itieorporated  into  the  C'etitral  Researeh  l aboratories  in  1959  and  the  eon- 
solidation  of  the  laboratories  at  Amagasaki  took  plaee  the  following  year.  In  1974  the  llasaki  Researeh 
Center  near  the  Kashima  Steel  works  opened. 

I he  Amagasaki  C'etitral  Researeh  l aboratories  perform  work  relevant  to  the  eompatiy  aetivities, 
develop  tievv  produets  and  proeesses,  atid  getierally  promote  the  use  of  steel  prviduets  through  teehnieal  ad- 
vanees.  The  llasaki  Researeh  Center  is  dedieated  to  steel  eotistruetioti  and  pipelines,  with  the  eapability  of 
full-seale  tests. 

At  the  Amagasaki  l aboratories  the  researeh  work  is  divided  into  three  maiti  areas  whieh  eover  iron  and 
steel  proeessing,  prodiiet  researeh  and  fundametital  researeh.  Hie  produet  researeh  area  itieludes  the 
Meehanieal  Metallurgy,  Applied  Meehanies,  CItemieal  Metallurgy,  and  Welding  Seeiions.  Diseussiotis  oti 
speeifie  researeh  were  held  pritiiarily  with  people  in  the  Meehanieal,  Metallurgy,  and  Welding  Seetiotts 
although  some  other  aetivities  in  the  titaterials  area  were  diseussed  generally.  A brief  aeeount  of  some 
general  areas  of  researeh  follows: 

1)  Researeh  on  the  most  el'fieieiit  use  of  resources  and  energy.  .Sintering  of  ore,  use  of  iton-eoking  eoal 
in  the  blast  fitrtiaee,  studies  of  eoal-slag-eoke  reaetiotis  in  the  blast  furttaee. 

2)  Research  on  steelmakitig  proeesses.  Teeliniques  of  desulpliuri/ation,  dephospliori/atioti,  deoxida- 
tion, etc.,  solidification  and  eotitinuous  easting. 

.3)  Research  in  computer  control,  automatic  inspection  and  quality  eotitrol  devices. 

4)  Press  formability  of  steel  sheets. 

5)  High  temperature  tube  and  pipe  materials  for  boilers,  chemical  industry  plants  and  nuclear  power 
plants.  I'ensile  creep  and  creep  by  internal  pressure  tests, 

6)  Research  on  heat  resistant  alloys  for  the  high-tetitperature  gas-cooled  reactor  (H  I R).  .Studies  of 
creep,  fatigue  and  corrosion  in  helium  test  loop  facility. 

7)  Stress  corrosion  cracking  tests  of  materials  f<ir  the  light  water  reactor  (I.WR)  in  a circulating 
autoclave  system  with  water  at  3(X)°C',  87  attiiosplieres.  Variables  which  may  be  controlled  are  dissolved 
oxygeti,  pi  I,  and  concentrations  ol  specilic  atiiotis  atid  catiotis.  Maximum  flow  rate  is  5f  min.  Specimens 
are  subjected  to  tension. 

8)  Research  on  weldability,  strength  atid  toughness  of  high  strength  steels  for  ships,  bridges,  petistocks, 
line  pipe  etc.  Studies  of  microstructure  and  tiiicroalloyitig. 

9)  W'elditig  research  with  “Cllceble”  machitie  which  programs  healing,  cooling,  tension,  eompression, 
fatigue  and  research  dilatomciric  data. 

10)  Non-vacuum  electron  beam  welding  proce.ss.  Development  for  welding  of  pipes,  plates  and  large 
scale  steel  structures. 

1 1)  l arge  scale  closed-loop  scrvo-conirolled  fatigue  tests  of  welded  steel  plates,  bars,  gears,  frames  etc. 
l atigue  crack  propagation  at  high  and  low  temperatures  apd  fracture  mechanics  analyses. 

12)  Delayed  Iraeture  studies  of  high-strength  bolts,  l arge  diameter  weather  resistant  bolls  with 
resistance  to  delayed  fracture  are  claimed  to  have  been  developed. 

13)  l or  pollution  control,  research  on  the  desulpliuri/ation  and  denitrification  (removal  of  SOx  and 
NOx)  of  stack  gases  from  sintering  plants. 

14)  f'undamenlal  research  on  hydrogen  embrittlement  and  stress-corrosion  mechanisms  in  steel, 
stainless  steel  and  titanium  alloys.  Instrumentation  itieludes  the  IMMA,  l-.PMA,  SliM,  GC'-MS  and  DTA. 

In  the  Mechanical  Metallurgy  Section  Dr.  Hiroo  Ohtani  de.scribed  work  on  hainilc  in  low-carbon,  low- 
alloy  steels,  riuce  types  of  bainite  arc  identified  according  to  the  morphology  of  cementite  precipitation. 
Bainitc  type  1 is  formed  at  500‘’C'  and  is  carbide  free.  Bainite  type  2,  formed  at  intermediate  temperatures. 
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IS  mainlv  loiiUo  lailis  m'imi.UoiI  In  vCMK'niiii'  lavois  Maimio  i\pi-  < n loimoil  al  icmpi-ianiii’s  lu-ai  aiul  n 
vliaKK'U'i i/oil  t'\  vlivpiMMoin  o(  voiuomiio  in  a IciiKc  laili  Miiuiuic.  Ml  ihmc  haimii'  upm  cxlnl'ii  il\i'  vaiiu’ 
Ici  I lie  hal'ii  piano,  v 1 1 1 ''  { I U>| 

HoM  ooinlnnaiions  v'l  siionnih  aiul  iinijilinoss  aio  alw.ivs  li>iiiul  m nnvoil  m.iiionsiio  I'.imiio  sinuiiiios  m 
li'w  I'aihi'ii,  li>\\  .ilhn  siools  1 ho  loujilinoss  »>l'  iho  hamilo,  howosoi,  iiuioaso'  mill  lonoi  li.insUnni.iiuMi 
loinpoi.iiuio,  whioh  toiluoos  iho  ihuknoss  nl  iho  loiiilo  l.iiln,  aiul  iho  I'ainiio  ivpo  ' linnuul  no.ii  ilio  M, 
loinpoiaiiiio  IS  u>u>:lioi  ihaii  inaiioiisiio  loini'oioil  U'  iho  s.imo  shoiikiIi  IoxoI  Iho  vUi|’lo\  inaiionsiio  phis 
hainiio  siHK'Uiio sail  ho  Iniihoi  isnighonosi  In  loinpoiing  ai  pH'  T 

I ho  nuvhaiusin  I'l  unighoiiing  s'l  iho  shi|'lo\  smuiiiio  is  lol.iU'sl  is'  iho  iniiial  sop.iiaiu'n  s'l  iho  .iiisioiiiio 

gi.nns  mill  sosoial  pails  In  iho  Isn iiiaiuui  s'l  h.iiniio  upo  V Iho  ‘‘111111  si.isk  |'aih“  is  ihiis  uuliuoil,  aiul 
U'lighnoss  IS  iinoisolv  lol.iiosi  isi  ihis  mill  loiigih,  .uos'i sling  is>  lihiani  .iiul  Ins  os'lloagiios  I hoso  in 
sosiig.iioisalso  slum  ih.ii  Iho  liansiiu'ii  loinpoialnio  lii'in  ihu  lilo  lo  hiiiilo  liaslnio  is  Kmoiosl  as  nnii  s i.u'K 
p.ilh  liM  sliMsago  slos'ioasos  I ho  ssnuopi  i>l  nnil  siaok  p.iih  has  Ivon  oMoiuls'sl  10  iho  niiliaiUMi  ,iiul  pis'p 
agaiuMi  s'l  small  sIsMxago  au'as  sni  j llXI!  pianos  s'l  loiiiio  I'oaihio  aiul  maiioiisiio  siiiisiiiios  ni  ls"\  s'.iihs'ii 
sis’ols  Hills  Iho  snoiall  pu'inio  is  s'l  a shsss'niimu'iis  s'las'king  pis'ss'ss  wiih  iho  is'iighnoss  lolaisul  is'  iho 
ps'pnlaiu'ii  s'l  slisss'iilimiilios  I s'i  gis'aioi  sloiail  on  ihis  ws'ik  siv  liiin  tinil  Sii-x-l  hisninw  (i/  J,ii<tin 

II.  :'0.  I'JH.  1:.  I IS.  10?:;  /.',  14(',  I'l’.'.  /;.  as.  1')‘:  AIso.  soo  iron  „rul  Si,rl.  M’.  IVss'iiil'oi. 

aiul  Mcnil Si  ivruv,  S,  isi,  pJTa. 

I'l  MiiU'in  I nkiula  lunl  slosoi ihosl  somo  woik  to  impioxo  siool  loiighnoss  In  inuioalli'Miig  ,iiul  son 
lis'llosi  is'lhng  I Ins  IS  slosignosl  is'  iiuio.iso  is'iighnoss  l'\  ss'iiiiol  o\oi  giaiii  si/o  .iiul  piivipii.iiu'ii  h.iislon 
mg  Ills'  I'liiilo  is'  sliu'iilo  iiansnu'ii  lompoiaimo  is  aiss'  lowoii'sl  whuh  is  s'l  nnnu'sh.iio  ss'iuoin  Is'i  laigo 
shamoloi  Imopipos. 

Iho  "ss’s'iol"  10  gi.iin  lolinomoni  is  is'  pisnulo  .1  l.iigo  mmil'oi  s'l  loiiilo  nns'ls'.ilu'ii  siios  hs  slols'immg 
iho  .iiisionilo  hols'"  SlHl  's'.  Ns'imalK  iho  loiiiio  mulosiios  ,11  .insiomio  giain  hs'iiiulai los,  aiul  ihis  Imiiis  iho 
.inu'iini  s'l  loiiilo  gi.iin  lormomoni  10  ss'ino  li.uiu'ii  s'l  iho  u's'ivsuilh.’s'sl  .nisionilo  giam  si.-o  lls"so'oi,  il 
I ills'  .nisiomlo  IS  "t'lki'sl  .11  lompOKiliiii's  holi'n  SlHI'T.  "hoio  losivsi.ilh.'.iiu'ii  sls'os  m'l  s'ssiii.  iho  loiiiio 

' max  niis'ls'.ilo  s'li  slols'i  maiu'ii  haiuls  in  iho  .iiisiomio  1 Ins  pi s'sliuos  gi .1111  1 olins'inoni  snoli  ih.ii  \S  1 M si.-o 

10  Is'  I ' m.ix  ho  .lohioxosl 

Iho  siionglhonmg  olls'sis  s'l  \ aiul  Nh  .110  ss'inplov  aiul  xaix  xxiih  iho  is'lhng  loini'oiaiiiio  aiul  pl.iio 
ihiskiu'ss  I’los'ipil.iiion  h.iislonnig  h\  \'  i.iisos  iho  li.insiiu'ii  lompoiaimo  miloss  iho  is'lling  is  Imislu'sl  .11 
' (Is'xx  lonipoiaiiiioV  I lioio  appo.ii  s u' ho  lu' pon.illx  lis'inX  s'l  Nh  .ulshiixos  xxnh  losposiis' iiansiiis'ii 

loinpoialnio  il  iho  linishing  lompoi.iliiio  is  Unx  Is'i  .ulshiu'ii.il  nils'i maiu'ii  ss'o  Iho  Siimiis'iiu' 

.Ss'aioh,  Ns'  .S.  lOH.iml  Ns'  14.  r.  l')'s 

Aiu'lhoi  pi s'hlom  XXII h lino  piiH' mom is'iu'sl  hx  Oi  I iikiul.i  is  ih.ii  s'l  pi s'p.igaiu'ii  hx  sho.ii  li.uiiiio  Ihis 
nnisi  ho  s's'inh.iis'sl  hx  iiuioasing  iho  liaolmo  lo.ii  is'iighnoss,  xxhu'h  s.iii  I'o  sls'iio  hx  ss'iiiis'llosl  is'llmg. 
sli's'ii'.ismg  Iho  si'iioonliaiis'iis  s'l  s'.iihs'ii  aiul  snllm  aiul  hx  os'iiiu'l  s'xoi  iho  sh.ipo  s'l  siillislos  1 1110  pipo 
iniisi  I'O  oapahlo  s'l  .11  losimg  oias  ks  xx  hoio.is  ilio  xxolsis  niiisi  s'lilx  1 osisi  s i.u  k inilialu'ii 

Oihoi  xxs'ik  111  ills'  Ms's'hanu'.il  Mol.ilhngx  Ss's'ln'ii,  iiiuloi l.ikoii  is'  impu'xo  pis'sliu'iu'ii  s'l  ho.ixx  ihuk 
sii'ol  plaU'  s'l  .SO  Kg  min'  siiongih  xxnh  s'piniinm  is'iighnoss  aiul  xxolsl.ihililx , xx.is  slosoiihol  hx  S 

aian.iho  \sls'i|iiaio  h.iislon.ihihix  is  pts'iiu'ts'sl  hx  hs'is'ii  .ulshlu'iis,  hiii  iho  .inu'imi  s'l  hs'is'ii  i<>|mis'sl 
lol.iios  Is'  Ills'  loxs'ls  s'l  mlis'gon.  s'vxgon  aiul  .ilnmimim  Ihoiols'io  siiishos  s'li  iho  nu'i plu'ls'gx  s'l  hs'is'ii 
s's'inps'iiiuls  III  sis'ol  .Iiul  ills'll  Is'i m.ilu'ii  aiul  hoh.ixu't  shiiing  is'lling.  lu'.il  iis'.iinig,  010  , h.ixo  hs'on  s'l  in 
lois'si  (Soo  Siiimis'ins' Soaish,  Ns'  1', ’’.M.ix  l‘>’Pansl  I tiins  /.V/./ /' ('H,  I'J''! 

NN  aianaho  aiul  Knniiako  haxo  aIss'  hs'on  siiulxing  iho  Is'imaiu'ii  s'l  sinsiomio  hoixxsvn  Vo,  .iiul  Xo,  lu'in 
ills'  laih  loiiilos  siuh  .Is  Is'xx  sail's'll  maitonsiio  s'l  haimios  Siioh  li.insts'i inaiu'iis  gixo  iiso  i"  ilio  .uu'iil.ii 
aiisiomii's  XX  Ills'll  .110  iiiuloisis's'sl  Is'i  I 0 Ni  alls'x  s hnl  lU'i  Is'i  Is'xx  oai  hs'ii  sU'ols 

II  has  hs's'ii  Is'iiiul  ili.ii  aiisiomio  fi'inis'sl  lii'iii  Is'xx  oaihs'ii  sis'ol  maiionsiio  s'l  hamno  l.iihs  has  iho  samo 
oixsialls'giaphu  s'lioiii  ilu'ii  as  iho  l.iihs,  iho  Kiiulis'iiun  Saoli  lolalu'iislni'  XMioii  sonioniiio  is  mxs'lxs'sl. 
Ills'  aiisiomio  h.is  iho  samo  lolaiu'ii  i"  iho  loiiiio  aiul  iho  rnsoli  s'liomaiu'ii  lol.iiis'iishii'  is'  iho  somomno 
Ills'  as'U'iilai  .insiomios  ihoiols'io  all  h.ixo  sin  uloniual  s'liomalu'ii  lol.iiu'iislni'  is'  iho  laih  siiiisimo  I'ps'ii 
hs'aiing  .ihs'xo  As'i,  ss'siiso  aiisiomio  Is'inis  Ihis  aiisiomio  os'iisisis  s'l  soxoial  shxuls^l  logu'iis  xxhuh  os'iio 
sps'iul  Is'  lOgU'lls  s'l  I s's's'X  01  S'sl  loiiilo  riioso  lOgls'lls  .110  s'l  ps'SSlhlo  lllips'l  lails'O  111  ills'  sis'x  S'ls'l'lllOlIl  s'l  mill 
s'Is'.ixago  paih  alloi  siihss's|nonl  hs'ai  lis'ainionl  aiul  ii'si  I hns  ilis'so  oNi's'iiiiioiils  hs'ai  s'li  si'iisisloiaiu'iis  s'l 
lias'iiiio  Is'iighnoss  I’aiH'is  s'li  ihis  xxs'ik  ,i|'|h'.ii  in  han\  tSl.l,  lf>,  l‘i''h.  aiul  in /'mh  I it\i  JIM  Inter 
m//ii>ni»/.S'vm/>isxii/m  s'li ‘‘Ns'xx  Asih'oIss'I  Msii loiisiiu'  I lansis'imalu'ii",  Ks'ho,  lii’P 

In  Ills'  NNolsImg  SsvlU'ii  Mi  N s'shiiu'ii  Its'  aiul  s'lhois  slosoi ihs'sl  xxs'ik  lol.iiixo  Is'  I'ls'hlonis  xxnh  lino  ('ipo 
xxolsling  aiul  xxnh  xxolslmg  iliiok  pl.iio  As  alxxsixs,  pis'hloms  xxnh  siaoking  .iiul  Ii.uIiik'  is'iighnoss  aio  iho 
niais'i  s's'iis'oin  Iho  hoai  alls'sis'sl  /s'lU's  aio  paiiioiilailx  sonsiiixo  II  h.is  hs's'ii  Is'iiiul  ih.ii  nian.ignig  iho 
loxs'ls  s'l  alls'Miig  olonionls  ts'gs'lhoi  xx  nh  pis'poi  is'lhng  aiul  hs'ai  lio.iimonl  i'ishs'sIiiios  oaii  ho  ollsvlixo  I ho 
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li'vd  in  N)  Kn  min'  plaio  \luniUl.  loi  oxamplo,  bo  nmloi  0 1 poiooiii,  aiul  ilio  laim  nl  miingcn  lo 
bourn  sluniM  bo  bouvoon  0.25  ami  0.5.  RopiONomaiivo  papois  on  ilnv  vuiik  aio  m Simniomo  Soauii,  No  0, 
Nov  . I'J?!;  UW.  Ooo.  IX  57b  68;  0(H  1\  758  71;  lUK  l\  851  75. 

Moro  looonily  ibis  work  has  looiivoO  on  ilro  pioblom  ol  oiaokint:  m iho  ilnongli  ilnoknow  Onooooti  ol 
ihiok  woliloO  plates.  1 bis  lainollai  toarin^t  is  soiions  in  laigo  smioiiiios  ujib  sovoio ooiisiiainis. 

Ibo  first  aoooinpbsbinont  bas  boon  tbo  Oovolopiiioiit  of  stool  plates  with  gioaioi  losistanoo  to  lainollai 
toaiinn.  Iboso  platos,  now  asailablo  uiuloi  tbo  trailo  namo  Sl'Ml  /.  loaiiiro  spooilioations  on  obomioal 
ooinposition.  inobisions  and  diffnsiblo  liydiogoii  In  atldilion  to  ooniiol  ovoi  ibo  oidinaiy  oloinonts  (i  . r i . 
Mo.  Si,  V,  Mn.  oto.)  it  bas  boon  found  ibat  oaloniin  additions  aio  offootiso  in  obaiijiini:  imbisions  to  a iiu'io 
spbi-rioal  foi  in.  I bis  is  oallod  i bo  S( '.X  I (Sniiiiionio  ( aloiiim  1 1 oatnioni)  pi  oooss. 

Ibo  oiitioal  piobloin  witb  tbo  wold  inotal  is  tbo  difftisiblo  bydioj-on  Ibionub  tlmknoss  oiaokint:  is 
ininiini/od  if  diffnsiblo  bydrotton  is  \ory  low  . I stia  low  bydioiton  olooirodos  bavo  boon  dosolopod  loi  ilm  k 
Plato  woldiim.  I Ins  woik  may  bo  loviowod  in  uroatoi  ilotail  m I'loo.  of  tbo  Romo  (.  ontoionoo  on  "W  oldmt: 
of  MSI  .X  Stinotmal  Stools,"  Nov.,  I‘»76;  I bo  Smmlomo  Soaiob,  No.  15. 8, May.  l‘>7<i;  IIXX  1\‘>6')  ''band 

.llXV.-f6.b2.  l‘)77.  

Miotboi  dosolopmont  in  Ibo  XVoldmn  Soolion  bas  boon  ibo  iiso  ol  oollnloso  ooatod  olooliodos  tin  >;iiili 
wolds  of  lino  pipo.  Ommt:  woldmi!  tbo  oollnloso  bin  ns  and  tbo  jtas  pioduood  koops  osstton  and  miios-'oii  oni 

1 bo  aro  is  also  impiovod  foi  doopoi  ponolralion.  , , , 

In  snmmary,  tbo  losoarob  at  Snmiionu>  Moial  liulnsiiios’  t'oniial  Ri'soaiob  I abin.noiios  is  Inst  ol.iss, 
mission  orioniod.  and  offers  an  osoolloni  osamplo  of  bow  soioniifio  losoaiob  o.m  losioi  oooiumnoall\ 
slosii  able  oiuls. 


APPKNDIX 

((;KNKKA1.  ABSTRAt  I OK  PRKSK.N  1 ATIONS  M ADK  IN  JAPAN) 


SOMK  C’lJRRKNT  M A TKRIAKS  PROBl.KMS  IN  NAVAl.  RKSKARCIi 

Above  ull  other  things  the  OITiee  of  Naval  Research  of  the  United  States  is  engaged  in  tlie  advancement 
of  science  and  engineering  technology.  The  basis  for  this  was  expressed  long  ago,  in  1885,  by  the  then 
Secretary  of  the  Navy  William  C.  Whitney,  who  said,  “It  is  of  little  service  to  a nation  to  have  any  Navy  at 
all  unless  it  is  a fair  expression  of  the  highest  scientific  resources  of  its  day.” 

With  this  philosophy  in  mind,  it  is  easy  to  understand  the  interests  of  ONR  in  basic  science  ;md  in  in- 
teracting with  the  acadentic  community  at  home  and  abroad.  A wide  variety  of  subject  areas  are  of  interest 
to  ONR  - from  mathematics  to  biology  and  psychology,  but  here  only  activities  in  materials  science  and 
engineering  are  discussed. 

With  respect  to  materials  science  and  engineering,  it  is  obvious  that  improved  materials  performance 
may  lead  to  improved  commercial  and  Naval  capabilities  on,  under  and  over  the  seas.  Desired  goals  are 
greater  maneuverability,  speed,  range  atid  deep  diving  capability,  coupled  with  improved  economy  and  ef- 
ficiency. Improved  communications  are  also  desirable. 

To  achieve  these  goals  materials  and  componetits  must  be  made  stronger,  lighter  and  cheapei  while  re- 
taining or  improving  at  the  same  time  the  essential  characteristics  of  good  weldability  and  fabricability; 
resistance  to  corrosion,  stress  corrosion,  corrosion-fatigue  and  fatigue;  resistance  to  low  and  high 
temperature  embrittlement;  good  high  temperature  fatigue  strength,  creep  resistance  and  oxidatiim  and 
corrosion  resistance.  Other  specialized  characteristics  such  as  improved  resistance  to  wear,  eiosion  and  ir- 
radiation or  improved  magnetic  permeability  and  larger  magnetostriction  are  often  also  needed. 

In  short,  there  is  a spectrum  of  materials  goals  and  problems  of  interest  to  ONR.  Therefore  research  pro 
grams  are  supported  in  several  materials  areas.  The  research  is  performed  either  directly,  at  the  ll.S.  Naval 
Research  l aboratory  in  Washington,  or  indirectly  through  contracts  with  universities,  companies  and  non 
profit  research  centers.  We  will  first  describe  brietly  the  organization  and  some  current  projects  underway 
at  the  Ll.S.  Naval  Research  I aboratory,  and  then  describe  some  types  of  projects  being  conducted  under 
contract  to  ONR. 

rhe  U.S.  Naval  Research  I abrvraiory  has  four  major  divisions  engaged  in  materials  work  undei  the 
direction  of  the  Associate  Director  of  Research  for  Materials  (Dr.  .Al  Schindler).  Vhese  divisions  aie  1) 
Engineering  Materials  Division,  2)  Materials  Science  Division,  .1)  Chemistry  Division,  and  4)  Radiation 
Division.  We  will  discuss  activities  in  each  of  these  divisions,  with  particular  emphasis  on  examples  of  wot  k 
in  the  Engineering  Materials  Division,  which  is  involved  with  problems  of  greatest  interest  to  matciials 
engineers. 

Discussions  of  the  projects  under  contract  to  ONR  will  fall  into  three  categories:  I)  metal  alloys,  2)  ciii 
rosion  and  .))  ceramics.  The  metal  alloys  projects  are  divided  into  several  clas.ses:  a)  high  strength  high 
toughness  alloys,  b)  light  weight  structural  materials,  c)  fabrication,  d)  magnetostrictive  alloys,  e)  com 
positc  materials,  and  f)  amorphous  metals.  The  corrosion  projects  are  diviiled  into  a)  siress-cornvsjon 
cracking,  b)  corrosion  fatigue,  c)  hydrogen  embrittlement  and  d)  design  data.  Discussions  in  the  ceianucs 
area  will  reflect  interests  in  applications  for  gas-turbine  engines. 
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j I lii\  uuir  iicxcr  tunc  lukcii  phuv  uiihoiii  (ho  liol|i  ol  riiain  poopio  who  ilosorxo  (n  ho  tooDgiii/oJ.  A 

paitial  list  of  tlioso  poopio  lollows:  (I  or  ihoso  vxlio  liolpoil  Inn  haso  Ih’oii  o\oi lookoii,  I am  soiiy): 

I ONR  Hoaiiiiuartors  — Miaiiks  lo  Admiral  K.K.  Cioi(;or,  h.  W oinhoig.  W . Raiios  ami  R.  I umloganl  loi 
porml^sion  lotro,  onooiiragomoni  ami  lor  pro\ Kliiig  osvoniial  rosouioos. 

I ho  Maiorial  Soiomos  l)i\ision  piovidoil  saluahio  ooimsol  ami  aJvioo  as  noil  as  ossomial  maiorials  ami 
sliilos  lor  prosoinaiion  in  Japan.  I hanks  lo  1 . Salkovii/,  ».  MaoUonakl,  I’.  C'larkin.  A.  Dinoss  ami  (i. 
Ranch . 

X'ahiahio  adminisiraiixo  sor\  ioos  ami  holp  w ilh  k isnal  aiils  woro  ptrn  iJotl  hy  (i.  C'la(ip  ami  I',  fohrt. 

Osotall  oogni/anoo  of  (ho  mission  ami  gonoral  giiidamo  woro  hamlloil  mosi  olTicioinly  hy  R.  Imus. 

DNR-C'hioago  — Ihanks  lo  Al  Dano.  faptains  C'.  Norion  ami  \\  Rom/,  I loyd  Whiio  and  my  wilo 
Nanoy  tor  providing  (ho  opporinniiy  to  go  and  iho  limo  lor  proparaiion.  I'ai  .Sohuoh  was  and  romains  pa 
lioni  and  horoio  in  handling  iho  oorrospomlonoo  and  administiaiivc  al  lairs.  M.  Dimmiok  and  1-  . Richmond 
porlormod  lyping  and  ptooling  (asks.  1 ravel,  sociniiy,  shipping,  and  other  manors  woro  handled  adopdy 
j hy  Bunny  Mulin,  Tom  Alvord.  I oo  Ooaring,  Paul  Bryars,  and  I rod  1 ocasha. 

• .J.  ONR  Tokyo  — Thanks  lo  M.  Bonin  lor  initialing  the  lour  and  lor  hoih  general  and  spocitic  guidance. 

P.  Mohri  was  a star  in  expediting  reports  and  in  handling  adminisiraiivo  allairs.  Sakiyama-san,  hy  now  a 
, special  friend,  arranged  travel  and  appointments  and  suhily  provided  educational  services  on  the  ways  of 

I , Japan.  Naka/awa-san  prepared  reports  with  remarkahle  good  humor.  1 . Kov as/nay  (from  Johns  Hopkins 

I University)  and  P.  Kearsley  (from  NBS)  pm  out  (he  welcome  mat,  and  were  generous  with  technical  ad 

1 vice. 

I 

1 4.  Naval  Research  1 ahoraiory  — Many  people  at  NRI  provideil  hriefings,  slides  and  materials  suiiahle 

1 for  presentation  in  Japan.  I hanks  to  A.  Schindler.  C.  Carosella,  R.  Heiiche,  P.  Shahinian,  R.  Rice.  T. 

J I ennox,  M.  Peterson.  .1.  Cioode,  R.  Voder,  T.  C'rooker.  P'.  I ange,  I'u.iii,  I).  Meyn,  M.  Sullivan.  .1. 

^ Stoop,  P.  Bogar,  C'.  Beachem,  H.  Howe,  R.  Meussner,  1\  Mei/hower,  R.  Judy  and  B.  Rath. 

I 5.  ONR  C ontractors  — Many  of  the  investigators  under  coniracl  to  ONR  generously  provided  slides  ami 

written  highlights  ol  their  projects  lor  use  in  the  presentations  and  discussions  in  Japan.  Thev  are  listed 
helow,  with  ilranks; 


A'</n/e  A.ssoiUition  ] 

H. W  . I’ickering Pennsylvania  State  llniversiiy  i 

O. 1).  Sherhy Stanford  llniversity  ! 

P. M.  Breinan Tlniied  .‘\ircrafi  Corporation  j 

K.  Masuhuchi Mas.sachuseiis  Instiiuieof  Technologv  ; 

V\. I'.  Savage Rensselaer  I’olytechnic  Insiiiuie  * j 

P.  Mansleld Rockwell  International  Science  Center 

I. M.  Bernstein Carnegie-Mellon  llniversity 

C-  Judd Rensselaer  Polytechnic  Institute 

O.  Buck Rockwell  Iniernalional  C'orporation 

A..I.  Sedricks Marlin  Marietta  C'orporation 

J. A.S.  Cireen Martin  Marietta  I ahoraiories 

R.P.  Wei I ehigh  University 

l)..l.  Duquette Rensselaer  Polytechnic  Institute 

R.A.  Huggins Stanford  Llniversity 

I .R.  Beck P'lectrochemical  Technology  Corporation 

R.W.  Heckel Carnegie-Mellon  University  j 

I'.l-..  Wawner Univ  ersity  of  Virginia  | 


N.S.  Siolotr Rensselaer  I’olyieehnie  Insiiinie 

H.l).  Hrody Unisersiiy  ot'l’iiisburgh 

H.Ci.l',  Wilsdorl  lliii\ersiiy  of  Virginia 

R.H.  C'leiss Univeisity  of  Virginia 

K.M.  I’rewo I'niied  Airerafi  I aboraiories 

M.A.  Wrighi Univetsiiyof  l ennessee 

A.  I ass  ley Drexel  Unisersiiy 

li.A.  Starke Cieorgia  lnsiiiuies>f  l eehnolisgy 

H.  Margolin I’olyieehnic  Insiiiuie  of  Ness  York 

B. H.  Rath MeDtsnnell  Douglas  Research  I aborausry 

Shass RsK'kssell  InieinaiionalC'orporaiion 

M.  C'sshen Massaehuseiis  Insinuieof  leelnuslogy 

R.A.  I'an/illi Cleneral  I- leeirie Company 

JAV.  Morris Unisersity  of  California 

I'. I'.  1 ange Rssekssell  Iniernaiional  Corpsiraiion 

A. Cl.  lAans Rivkssell  Iniernational  Science  C'enter 

M. IV  Kirchner Ceramic  finishing  Company 

k.  Ono Unisersiis  of  Calilornia.  I ..A. 

N. f.  I’aion Rssekssell  Imernaiional  Science  Center 

1)..A.  koss Michigan  fechnsslssgical  Unisersiiy 

.1.  Das  is Hell  .Aerospace  Company 

D.W.  Usseppner Unisersiiy  ssf  Misssniri 

.l.H.  Cohen Norihssesiern  Unisersiiy 

.A. I-.  Miller Noire  Dame  Unisersiiy 

.1.1*.  Mirth Ohio  Stale  Unisersity  Research  fdn. 

C. U.  .lackson Ohio  Slate  Unisersiiy  Research  f'dn. 

f . Haer Case  Western  Reserse  fliiisersiiy 

C. S.  korlosich I RW  , Inc. 

D. l  . l^asidsssn Soiiihssesi  Research  Instiiiiie 

.1.  I ankford Soiiihssesi  Research  Insiiiuie 

D.Ci.  Uossden Handle  Menusrial  Insiiiuie 

Ci.k.  Hansal Haiielle  Memorial  Insiiiuie 

D.  Henson Midssesi  Research  Insiiiuie 

.1.  Weeriman Norihssesiern  Unisersiiy 

M.  Hirnbaum Unisersiiy  of  lllitusis 
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